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This book is dedicated to the pioneers of this very special field, 
to our patients and their families, and to our hard-working, 
loyal teams and colleagues. 


Foreword 


In the past few decades, Pediatric Nuclear Medicine and Molecular Imaging 
has become a rapidly growing area that includes diagnostic imaging, research, 
as well as therapeutic applications. 

This publication highlights important aspects of the Nuclear Medicine 
practice in children as well as the differences with the approaches in adult 
patients. 

Obtaining images of high diagnostic quality in infants and small children 
can be technically and medically challenging and often require special atten- 
tion. It has been often stated that “Children are not small adults” and this is 
quite applicable to the practice of Nuclear Medicine in these small patients. 

In children, administered activities are often significantly lower than in 
adults, requiring prolonged imaging acquisition times. Techniques for keep- 
ing the child still, sometimes for extended acquisition periods will be dis- 
cussed. Such techniques include immobilization, sedation and exceptionally, 
general anesthesia. 

Correct interpretation of pediatric images requires an awareness of the 
effects of normal growth and development on tracer pharmacokinetics and 
biodistribution as well as familiarity with pediatric diseases. 

The introduction of technologies such as hybrid imaging, and new radio- 
pharmaceuticals, are described in detail, underscoring the fact that these 
developments are aimed at improving diagnostic, structural and functional 
assessment of pediatric diseases. 

This book provides a practical approach to the successful routine use of 
Nuclear Medicine procedures in children. It is based on the extensive exper- 
tise of dedicated pediatric nuclear medicine facilities and clinicians 
worldwide. 

The IAEA has significantly enhanced the capabilities of many Member 
States in the field of Nuclear Medicine, highlighting functional and metabolic 
imaging as indispensable tools for the diagnosis, treatment planning, and 
management of diseases. In this project, Nuclear Medicine and Molecular 
Imaging are driven one step forward, advancing towards the challenging but 
also very rewarding work with pediatric patients. 

I hope that referring physicians, pediatricians, clinicians, and other spe- 
cialists involved in the care of children will find in this a valuable, detailed, 
and practical resource of Pediatric Nuclear Medicine as well as “tips and 
tricks” that should be of value in the management of their clinical practice. 
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I also hope that medical professionals throughout the world will benefit 
from this publication, that readers of this book will achieve further familiar- 
ization with the many unique characteristics of Pediatric Nuclear Medicine 
and Molecular Imaging and that it will inspire deeper learning as well as 
innovation in this wonderful field of medicine. 


Radiology Ted Treves 
Harvard Medical School 

Boston, MA, USA, Divisions of Nuclear Medicine 

and Molecular Imaging, Boston Children’s 

and Brigham and Women’s Hospitals 

Boston, MA, USA 


Foreword 


Preface 


This publication on clinical Nuclear Medicine dedicated to pediatric patients 
is directed at Nuclear Medicine physicians, radiologists, oncologists, and cli- 
nicians in various specialties, medical physicists, medical technologists, 
radiopharmacists, laboratory medicine scientists, and researchers. 

New technologies and radiotracers have been developed and introduced 
into the clinical Nuclear Medicine arena over the last decades, in some parts 
of the world more rapidly than in others. This publication describes Nuclear 
Medicine imaging modalities in the specific context of the management of 
pediatric patients. It provides a comprehensive overview of the current state- 
of-the-art in pediatric Nuclear Medicine, in addition to readdressing known 
tests, their protocols, clinical indications, and performance indices. 

Training in using an accurate imaging methodology, in understanding and 
interpreting complex studies with potentially different tracer biodistribution, 
pitfalls and clinical relevance when used in children, are imperative for a suc- 
cessful implementation of present-day diagnostic and therapeutic capabili- 
ties. This publication aims to provide an answer to the need created for such 
training. It includes theoretical and practical aspects, as well as case-based 
presentations for each of the main indications for pediatric Nuclear Medicine 
tests that will ensure their use in an accurate and valuable clinical practice. 

The authors are members of an international group of experts at the fore- 
front of this field and their contributions represent a culmination of their pro- 
fessional efforts defining a global perspective on the subject. The authors 
have provided representative teaching cases in addition to their own clinical 
expertise and to an in-depth review of the literature. The reader is provided 
with age-dependent, commonly encountered clinical cases. The publication 
contains 12 chapters, takes a systems approach, and provides reference-based 
practical information that will be useful in the routine clinical setting. 
Chapters are organized in a similar structure starting with an overview as to 
the clinical value of a specific study and the most relevant clinical indications, 
methods to correctly request the study and prepare the patient. This is fol- 
lowed by description of the steps required to perform the study according to 
the most appropriate imaging protocol, based on those used by the expert 
authors in their home centers and presented in a “flash-card” format. The 
main normal biodistribution imaging patterns are presented, as well as useful 
calculations and settings when appropriate. Correlative imaging, review of 
variants, and possible drawbacks are detailed when deemed necessary. Each 
chapter discusses the Nuclear Medicine procedures that can and should be 


used in the specific clinical pediatric arena. The length of the chapters varies 
according to the clinical significance of a particular test, the complexity of the 
methodology, and the number of cases included. Some longer chapters dedi- 
cated to the most common tests reflect the more extensive use of a procedure 
in the pediatric population presenting more cases and extensive overviews. 

In addition to the 11 chapters presenting specific systems and/or diseases, 
the first chapter provides general information detailing the advantages and 
limitations for performing Nuclear Medicine tests in children, as well as sug- 
gestions on how to approach, analyze, and provide relevant data to the 
patients, and to their parents or caregivers. Doses of radiopharmaceuticals 
follow, whenever possible, the most recent version of the EANM pediatric 
dosage card calculator and/or the North American consensus guidelines for 
administered radiopharmaceutical activities in children and adolescents. 
Minimizing a child’s exposure to ionizing radiation is an important consider- 
ation, thoroughly discussed in this section which addresses the appropriate- 
ness of pediatric nuclear imaging. Well-known and widely accepted acronyms 
such as PET/CT, SPECT/CT, SPECT, CT, MRI as well as activity units (e.g., 
mCi, MBq) have always been used as abbreviations with the intent not to 
burden the reader. 

The design and content of this publication will hopefully promote essen- 
tial debates and feedback with the goal of having Nuclear Medicine as a use- 
ful tool in the process of diagnosing and treating diseases in children and 
provides a good setting for an evidence-based collaboration between Nuclear 
Medicine physicians and pediatricians working in various fields. It is also 
intended to assist professionals as well as institutions in making decisions 
regarding the frameworks for effective management of pediatric patients. 

The authors gratefully acknowledge the IAEA for technical support. A 
special thanks to M. Felipe Mendez for continuous assistance in preparing the 
manuscript. 


Petah-Tikva, Israel Zvi Bar-Sever 
Vienna, Austria Francesco Giammarile 
Haifa, Israel Ora Israel 


Palo Alto, CA, USA Helen Nadel 
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General Principles in Pediatric 
Nuclear Medicine 


Helen Nadel, Diana Paez, Zvi Bar-Sever, Ora Israel, 
and Francesco Giammarile 


1.1 General Information 


for Referring Physician, 
Parents, and NM Team [1-5] 


Multidisciplinary Care Team 


The care team in nuclear medicine may 
include the nuclear medicine technologist(s), 
nuclear medicine nurse, child life specialist, 
anesthesiologist and anesthesia team, nuclear 
medicine physician, nuclear medicine/ radiol- 
ogy trainee, and referring physician. 

Close communication with referring special- 
ists through multidisciplinary meetings is 
often utilized that can improve the impact of 


Departmental Workflow—Scheduling 
the Study 


e Studies on children take longer than adults. 
Clear time on the schedule when studies in 
pediatric patients are scheduled. 

e Book studies where the child needs to be fast- 
ing for prolonged periods of time as the first 
study of the day. 


Information to Be Requested at 
Booking the Study 


e Age. 


the nuclear medicine exam findings. 


H. Nadel (<) 
Lucile Packard Children’s Hospital Stanford 
University, Palo Alto, CA, USA 


D. Paez - F. Giammarile 

Nuclear Medicine and Diagnostic Imaging Section, 
Division of Human Health, Department of Nuclear 
Sciences and Applications, International Atomic 
Energy Agency, Vienna, Austria 


Z. Bar-Sever 
Schneider Children’s Medical Center, Tel Aviv 
University, Petah Tiqva, Israel 


O. Israel 
B&R Rappaport Faculty of Medicine, Technion, 
Haifa, Israel 


© The Author(s) 2023 


e Weight and height. 


Gender identity of the patient. 

Contact information of parents/caregivers. 
Specific medical, developmental, or behav- 
ioral problems the patient may have. 

In cases that may require potential contrast 
material injection (SPECT/CT, PET/CT, PET/ 
MRI) request information about: 

— Allergies. 

— Renal function. 

— History of previous contrast reaction. 
Parent’s/caregiver’s CONSENT: requirement 
for consent must follow national and institu- 
tional guidelines. 


Z. Bar-Sever et al. (eds.), A Practical Guide for Pediatric Nuclear Medicine, 


https://doi.org/10.1007/978-3-662-67631-8_1 


Information to Be Provided to Parent/ 
Caregiver 


e Whether the child should be fasting or can eat 
and or drink before the study. 
e Duration of the study and whether there is a 
need for a hospital stay. 
e How the study is done and what is required. 
For example, let the parent/caregiver know in 
advance if an intravenous (IV) line or urinary 
catheter will be placed. 
e Explanation of radiation risk. 
e Parents/caregivers should be informed about 
the application of topical anesthetic cream to 
possible injection sites prior to the procedure. 
— If this is planned, up to an hour is required 
for it to work so the patient should arrive an 
hour before the booking time of the study. 

— As an alternative, the parent/caregiver can 
put it on beforehand, outside of the 
department. 

e Request a spare change of clothes for infants 
and small children. 

e Parents/caregivers should bring the milk for- 
mula or any specific food that the child may 
need (more details in the respective chapters). 

e Parents and referring physicians should be 
aware that certain studies require medical pre- 
medication preceding the scan (More details 
in the respective chapters). 

e If the patient is close by when the study is 
booked it may be useful to invite the patient 
and caregivers into the camera room so that 
they know what to expect on the day of the 
study. 


Prior to the Study 


e Phone the parents on the day before the study 
to confirm date and time and to remind them 
of above-mentioned preparation. 

e Arrange for an appropriate health care profes- 
sional to arrive at the department for cannula- 
tion, if necessary. 

e Since patient age in this category is defined as 
up to 18 years, when dealing with adolescents, 
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it is important to consider pregnancy and 
breastfeeding. 

Depending on institutional protocols, urine or 
serum pregnancy tests may be required. 
Inquire if an accompanying person is preg- 
nant. This does not preclude her visit but 
appropriate radiation safety instructions 
should be provided. 


On the Day of the Study 


On arrival explain to the parent/caregiver and 
child what is going to happen during the study. 
Knowing what to expect, reduces anxiety and 
improves cooperation. This translates to higher- 
quality diagnostic images 


If available and/or necessary, as discussed 
above, place a local topical anesthetic on pos- 
sible sites for injection. 

Do not let the child wait too long before start- 
ing the procedure. 

DO NOT LIE. Lying to your patient dimin- 
ishes trust and greatly reduces cooperation. 
Tell your patient “I am going to give you an 
injection, it will be a bit sore, this is the only 
painful thing that will happen today”. 

Explain every step you execute to your patient 
in child friendly language: “I am going to 
move the bed under the camera now” etc. This 
leads to a marked reduction in patient 
anxiety. 


Radiation Risks [6-9] 


Radiation-induced risk of adverse health 
effects is greater in children than in adults. 
There is no clear evidence regarding potential 
adverse health effects for the levels of expo- 
sure associated with medical imaging. 
However, the international health physics con- 
sensus is to optimize exposure to patients 
receiving these studies. 

Radiation-induced cancer risk is a function of 
effective dose administered, age, and gender. 


1 General Principles in Pediatric Nuclear Medicine 


e Females and younger patients are more sus- 
ceptible to radiation-induced cancers. 

e The optimal dose is typically understood as the 
lowest dose that still provides the diagnostic 
information necessary for proper care and 
therefore, on occasion, exposures higher than 
guideline recommendations may be necessary. 

e It is recommended to weigh each request for 
imaging procedures that expose a patient to 
ionizing radiation, nuclear medicine tests in 
particular, with respect to their risk vs. poten- 
tial clinical benefit and availability of nonion- 
izing radiation imaging tests that can provide 
similar diagnostic information. 

e Always be sure that the patient receives the 
lowest acceptable radiation exposure that 
allows for the highest quality diagnostic study. 
Modern cameras are more sensitive than older 
models and can produce high quality images 
with administered activities that are lower 
than the published recommendations. 


Communicating Radiation Risks [10, 11] 

e All parties should be mindful that the use of 
radiation is associated with theoretical risks 
that are, as a rule, significantly smaller than 
the risk of deciding not to perform an indi- 
cated scan. 

e Care should be taken to communicate risks 
without raising undo alarm in patients or their 
families. 

e Fear of radiation risk is detrimental to patients, 
in particular children, as well as their parents/ 
caregivers. It can induce stress and lead to less 
than optimal studies or to the decision to avoid 
imaging. This may increase the rate of misdi- 
agnoses with subsequent harm with no associ- 
ated benefits. 

e Communicating the risk associated with radi- 
ation dose can be very difficult as published 
articles on the topic use higher reference val- 
ues than what is used in many parts of the 
world. 

e A simple way of explaining the radiation risk 
from a nuclear medicine procedure is to com- 
pare it to everyday activities relative risk or to 


the exposure individuals receive from natural 
background radiation in 1 year. 

The image gently website (https://www. 
imagegently.org/Procedures/Nuclear- 
Medicine) has more information on explain- 
ing radiation risk from imaging procedures. 


Calculating the Administered Activity 


Use the latest versions of EANM pediatric 
dose card (Fig. 1.1) [12], or the North 
American Consensus Guidelines for 
Administered Radiopharmaceutical Activities 
in Children and Adolescents (Fig. 1.2,) [13]. 
Both the EANM and SNMMI have dose cal- 
culators available online (Fig. 1.3): 
http://EANM.org/publications/dosage_calcu- 
lator.php 
http://www.snmmi.org/ClinicalPractice/ 
PediatricTool.aspx 

In addition, the PedDose App provided by the 
EANM proves to be a useful tool. 

If a radiopharmaceutical does not appear on 
the dose cards it is best to consult with an 
expert pediatric nuclear medicine center. 


Sedation [14-16] 


Suggestions for Avoiding Sedation 


In small babies and infants: tracer injection 
should be timed as close to the next breast/ 
milk feeding as possible. A feed may be given 
from 30 min after tracer injection in infants 
not having anesthesia or sedation. 

Encourage the parent/caregiver to bring the 
child’s own food, a pacifier and soothing toy 
or story books to the department. 

Infants: wrapping them snuggly in a blanket 
increases the likelihood of a baby falling 
asleep. 

Toddlers: entertaining them reduces move- 
ment artifacts. 

School-age child, above the age of 6 years: is 
usually able to follow instructions. 


Dosage Card (versions.7.2016) 


Multiple of Baseline Activity 

Class Class Class 
8 c c 
1 1 14.00 
1.14 133 15.00 
Ww 2.00 16.00 
214 30 17.00 
271 3.67 18.00 
314 467 19.00 
357 567 20.00 
400 633 21.00 
443 733 2200 
486 83 23.00 
529-933 2467 
571 1000 26.67 
614 11.00 2867 
643 120 31,00 
686 1300 3233 


ALMB QD paministerea = BaselineActivity x Multiple 


a) Fora calculation of the administered activity, the baseline activity value has to be mul- 
tiplied by the multiples given above for the recommended radiopharmaceutical class 


(see reverse), 
b) If the resulting activity is smaller than the minimum recommended activity, the mini- 
mum activity should be administered, 
©) The national diagnostic reference levels should not be exceeded! 
Examples: 
a) "F FDP-PET Brain, activity to be administered [MBq] = 14,0 «10,71 [MBq] 
50 koe = 150 MBq 
b) PAmIBG, activity to be administered (MBq) = 28.0 x1 (MBq) = 28 MBq 
3kg: < 37 MBq (Minimum Recommended Activity) 


> activity to be administered; 37 MBq. 


This card is based upon the publication by Jacobs F, Thierens H, Piepsz A, Bacher K, Van de 
Wiele C, Ham H, Dierckx RA. Optimized tracer-dependent dosage cards to obtain weight- 
independent effective doses. Eur J Nucl Med Mol Imaging. 2005 May; 32(5):581-8, 

This card summarizes the views of the Paediatric and Dosimetry Committees of the EANM. 
and reflects recommendations for which the EANM cannot be held responsible. 

The dosage recommendations should be taken in context of good practice” of nuclear 
medicine and do not substitute for national and international legal or regulatory provisions. 


Schmalzhofgasse 26 - 1060 Vienna, Austria 
Phone: +43 (0) 1 890 44 27, fax: +43 (0) 1 890 44 27-9 
office@eanm.org - www.eanm.org - fb.com/officialEANM. 


Fig. 1.1 The EANM calculator screen shot. Reproduced 
with permission from https://www.eanm.org/content- 
eanm/uploads/2017/01/EANM_Dosage_Card_040214. 
pdf. “This card summarises the views of the Paediatrics 
and Dosimetry Committees of the EANM and reflects rec- 
ommendations for which the EANM cannot be held 


e Patients in pain may be uncooperative. Proper 
pain relief given in consultation with the refer- 
ring physician is beneficial and reduces move- 
ment artifacts on scans. 

e If possible, have the parent/caregiver close 
by and let them help. For example, letting 
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Recommended Amounts in MBq 
a Rael aaan  Racommended 
purposes only) Activity’ 
MBq MBq 
1 (Thyroid) Ge 06 3 
12 Amphetamine (Brain) B 130 18 
12 HIPPURAN (Abnormal renal function) 8 53 10 
12 HIPPURAN (Normal renal function) Pr 128 10 
2 IB B 280 a | 
WI miBG B 56 35 
WF FDG-PET torso 8 259 26 
UF FOG-PET brain B 140 14 
"F Sodium fluoride 8 105 14 
“Ga Citrate B 56 10 
“Go-labelled peptides 8 128 14 
"Tc ALBUMIN (Cardiac) ep | s60 80 
"Te COLLOID (Gastric Reflux) B 28 10 
Pe COLLOID (Liver/Spleen) B 56 i is |] 
"Te COLLOID (Marrow) ae 210 20 
"Te DMSA B 68 185 
"Te DTPA (Abnormal renal function) 8 140 20 
PTEDTPANomalvealtincton) [AT] o | 20. 
Te ECD B se | w 
TTE HMPAO (Broin) | B m | w 
"Te HMPAO (WBC) B 3o | 40 
“Te IDA (Biliary) B 105 20 
PT MAA / Microspheres 8 56 10 
Te MAGS fa i 15 
Te MOP B 350 40 
"Te Pertechnetate (Cystography) B 14 if 20 A 
Te Pertechnetate (Ectopic Gastric Mucosa) | B w5 20 
"m Pertechnetate (Cardiac First Pass) | B | 30 | æ 
"Tc Pertechnetate (Thyroid) B EO | 10 
"Te RBC (Blood Poo) 8 soo w% 
— 
A R AAA S min) 8 420 80 
| Pte SestaMIBVTetrofosmin® A an me 
(Cardiac rest scan 2-day protocol max) 
"Tc SestaMIBYTetrofosmin? y B 420 80 
(Cardiac stress scan 2-day protocol min) 
"Tc SestaMIB/Tetrofosmin® B 630 80 
(Cardiac stress scan 2-day protocol max) 
Per anase da ir rapie 8 280 80 
oie SestaMIBVTetrofosmin? B 840 80 
(Cardiac stress scan 1-day protocol) 
*rTe Spleen (Denatured RBC) 8 28 20 
*TCTECHNEGAS (Lung ventilation)’ B 490 100 


* The minimum recommended activities are calculated for commonly used gamma cameras or positron 
[emission tomographs. Lower activities could be administered when using systems with higher counting 
efficiency. 

? The minimum and maximum values correspond to the recommended administered activities in the 
EANM/ESC procedural guidelines (Hesse 8, Tagil K, Cuocolo A et al). EANMVESC procedural guidelines for 
myocardial perfusion imaging in nuclear Cardiology. Eur J Nucl Med Mol Imaging, 2005 Jut32(7)855-97, 

* This is the activity load needed to prepare the Technegas device. The amount of Inhaled activity will be lower, 


responsible. The dosage recommendations should be 
taken in the context of “good practice” of nuclear medi- 
cine and do not substitute for national and international 
legal or regulatory provisions.” It is based upon work pub- 
lished in references [12, 30, 31] 


the patient sit on their lap during an esopha- 
geal transit study or milk scan is less intim- 
idating than sitting on the technologist’s 
lap. 

e When necessary parents/caregivers can assist 
the technologists in preventing motion during 
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Follow the new North American 
Guidelines for Pediatric Nuclear 
Medicine for high-quality images 
at low radiation dose. 


2016 Update: North American Consensus Guidelines for Pediatric Administered Radiopharmaceutical Activities' 


Radiopharmoceutical Administered Activity Minimum Moximum 
Administered Activity Administered Activity 


"OLNIBG {Al 5.2 MBq/kg (0.14 mCi/kg) 37 MBq (1.0 mCi) 370 MBq (10.0 mG) 
oT MOP (A) 9.3 MBa/kg (0.25 mCi/kg) 37 MBq (1,0 mCi) 
"F-FDG [A, B) Body: 3.7-5.2 MBq/kg (0.10-0.14 mCi/kg) 26.MBq (0.7 mCi) 
Brin: 3.7 MBq/kg (0.10 mCi/kg) 14 MBq (0.37 mG) 

-DMSA [A 1.85 MBq/kg (0.05 mCi/kg) 18.5 MBq (0.5 mCi) 100 MBq (2.7 mG) 
PT CMAGS (A, C] Without flow study: 3.7 MBq/kg (0.10 mCi/kg) 37 MBq (1.0 mCi) 148 MBq (4.0 mG) 

{A} With flow study: 5.55 MBq/kg (0.15 mCi/kg) 
aeDA (A, D) 1.85 MBq/kg (0.05 mCi/kg) 18.5 MBq (0.5 mCi) 
-MAA [A] If Tc used for ventilotion: 2.59 MBa/kg (0.07 mG/kg) 

[A] No "Tc ventilation study: 1.11 MBq/kg (0.03 mCi/kg) 14.8 MBq (0.4 mCi) 
PTepertechnetate (Meckel diverticulum imaging) ry 1.85 MBq/kg (0.05 mCi/kg) 9.25 MBq (0.25 mci) 
"'F-sodium fluoride (A) 2.22 NBq/kg (0.06 mCi/kg) 14 MBq (0.38 mG) 
"Tc (for cystogrophy) [E] No weight-based dose No more thon 37 MBq (1.0 mCi) for eoch bladder filling cycle 
*Tesulfu colloid (for oral liquid gastric emptying) (fl No weightbased dose 9.25 MBq (0.25 mCi) 37 MBq (1.0 mCi) 
"™Tcsulfur colloid (for solid gastric emptying) [F] No weight-based dose 9.25 MBq (0.25 mCi) 18.5 MBq (0.5 mCi) 
"Tc HMPAO (Ceretec) TECO (Neurolite) for brain perfusion 11.1 MBq/kg (0.3 mCi/kg) 185 MBq (5 mG) 740 MBq (20 mCi) 
PTesestomibi (Cordiolite) /™Tetetrofosmin (Myoview) for 5,55 MBq/kg (0.15 mCi/kg) 74 MBq (2 mCi) 370 MBq (10 mCi 
myocordiol perfusion (single scan or first of 2 scans, some doy) 
"Tcsestomibi (Cordiolite) /””*"Tctetrotosmin (Myoview) for 16.7 MBq/kg (0.45 mCi/kg) 222 MBq (6 mG) 1110 MBq (30 mCi) 
miyocordial perfusion (second of 2 scans, some doy) 
No for thyroid imaging 0.28 MBq/kg (0.0075 mCi) 1 MBq (0.027 mCi) 11 MBq (0.3 mci 
Pe pertachnetate for thyroid imoging 1.1 MBq/kg (0.03 mCi/kg) 7 MBq (0.19 mCi) 93 MBq (2.5 mâ) 
"TcRBC for blood pool imoging 11.8 MBq/kg (0.32 mCi/kg) 74 MBq (2 mG) 740 MBq (20 mCi) 
"Tc WBC for infection imaging 7.4 MBq/kg (0.2 mCi/kg) 74 MBq (2 mCi) 555 MBq (15 mci) 
“Go-DOTATOC or “Go-DOTATATE (6) 2.7 MBq/kg (0.074 mCi/kg) 14 MBq (0.38 mCi) 185 MBq (5 mCi) 


MOTES: This inkoometion is intended os 0 guideline caly. Locei practice may very depending on patient popmlosion, cheice of colmea, and the specific requbements of clnical protacels. Adminisseced activity mey be adjusted when opproyriewe by order of the nucker medicine proctitioner 
Fa potients who weigh more than 70 ky, it is recommended thet the maiman administered arily ro! exceed the product ol the potiont’s weight (ky) ond the commended weight tasad odministored ox nity. Sem procMionsrs may choose 19 se! o Buod maximora administered activity equal 
10 70 times the recommended weight-based administered activity, capvessed as MiBa/bg a mx(i/by, for exermple, eppveurimately 10 mCi (370 MBs) lor FFOG body imaging. The administered activities assume asa of @ low enargy hightesokstion coimas for "*Keradephenmeceutical ond a 


indvidual practitioners may use lower administered activities J thal equipment ce software paris them 10 do sa. Higher odministenod activites moy ba oquived in selected peiors. No recommended dosa 5 given for nroverous "Gocta, batovencus “Gocta shoul! be usod very idvoruentty 
cand only in kow doses. 

© Mw EANA Dosage Cend 2014 version 2 osriisteed acy racy bo be weed. 

Me bow ed the dose onge shouid be considered lor saler patients. doninistered ext may toke ito occount point rass ond trae cvoeble the PET sceme The EANM Dosage (ord 2014 version 2 odministeced activity sway oso be esad. 

(OMe ccbinasred ocr essun tht rage dota ee seened ot 1 mia /roge. The odininstorod exh may be saduceo E kage dats re road cto longer Seno pet irae 

QA tigi adore ctv ot 1 cx may be considered for once janie 


@ hats clon, Makr periecinetste, "™ DTPA or possibly other "Tr redophermaceuticals may be used There is a wide variety of oceeptable adeninhnetion axd imaging technies for "Te cystogreply, many of which wif work well with kwer administered octies. An example of 
oppreprete lower administered actives is fowed lo the 2014 version of the EANM Pondicire Dose Conf. 


Me cámastered atuty may be based on patent weight or oa the ane of the chli 
Q Mie cst tay besed on the EAN Dosage Cond 2014 version 72 dosage for 0 60 kg pete, using the minimam ca maaan doses from he EAM Dosage Cord. There aos ite expenence with tes sodoghormacertcal o dhen ia North Amerco ot the lane of prepexcticn of 
this dosage tobe. 


‘Gellond MI, Parisi MI. keves ST Paditic Radophemeceutal Adnicistesed Doses: 2010 North Amesicon Consensus Guidelines. J Nuc! Med 2011; $2(2):318322. 
Plassmann A, keves, SI Pediatric Rodiopharmaceetcc! Administreticar Harmonization of the 2007 EAN Poedcsric Dosage Cond (Version 1.5 2008) aad the 2010 North Americo Consens guideline. Fur J Nuc! Med Mo! baoging 2014; 4148) 1636 Epob Mer 6 2014. 


SOCIETY OF 
NUCLEAR MEDICINE image 
AND MOLECULAR IMAGING gently” 


Fig. 1.2 North American Consensus Guidelines for Pediatric Administered Radiopharmaceutical Activities 2016. 
Reproduced with permission of imagegently.org 
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Dosage Calculator 


Calculation of the administered activity in [MBq] and [mCi] 


Weight 6kg 


<> 


Radiopharmaceutical Tc-99m MAG3 


a 
Y 


Activity to be administered: 


= 17 MBq or 0.46 mCi 


This card is based upon the publication by Jacobs F, Thierens H, Piepsz A, Bacher K, Van de Wiele C, Ham H, Dierckx RA. 
Optimized tracer-dependent dosage cards to obtain weight independent effective doses. Eur J Nucl Med Mo 
maging. 2005 May; 32(5):581-8. 


M. Lassmann, S.T.Treves. Pediatric Radiopharmaceutical Administration: Harmonization of the 2007 EANM Paediatric 
Dosage Card (Version 1.5.2008) and the 2010 North America Consensus guideline, Eur J Nucl Med Mol Imaging. 2014, 


DOI: 10.1007/s00259-014-2731-9 


Lassmann M, Biassoni L, Monsieurs M, Franzius C; EANM Dosimetry and Paediatrics Committees. The new EANM 
paediatric dosage card: additional notes with respect to F-18. Eur J Nucl Med Mol Imaging. 2008 Sep;35(9):1666-8. 
DOI: 10.1007/s00259-008-0799-9, Epub 2008 Jun 24. Erratum in: Eur J Nucl Med Mol Imaging. 2008 Nov;35(11):2141 


This card summarises the views of the Paediatric and Dosimetry Committees of the EANM and reflects 
recommendations for which the EANM cannot be held responsible. The dosage recommendations should be taken in 
the context of “good practice” of nuclear medicine and do not substitute for national and international legal or 
regulatory provisions. 


Fig. 1.3 Dose calculator snapshot. (based Reproduced with permission from https://www.eanm.org/initiatives/ 
dosage-calculator/) 


acquisition, for example, by gently securing Options for Distracting 


the child’s head when under the camera. and Entertaining the Patient 
e Encourage the parent to hold the child’s hand + A TV screen mounted on one of the walls or 
and talk to the patient during the study. ceiling above the gantry. 


e Ensure that the accompanying caregiver is e A portable DVD player or one incorporated 
clear from the rotating camera heads. into the gamma camera. 
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e Stickers of popular cartoon characters or ani- 
mals on the collimators. 

e Smart phone to take pictures of the patient/ 
play games /play music on. 

e Read a storybook. 

e Crayons and paper to entertain the child dur- 
ing the waiting period. 

e The toys in your department should be easy to 
clean, preferably plastic. 

e Avoid soft and plush toys as they pose a sig- 
nificant infection and contamination risk. 


Assessing the Need for Sedation 

e Sedation and anesthesia carry risk, impose a 
logistical challenge requiring several hours of 
fasting prior to the procedure and need to be 
considered at the time of booking study. 

e If conscious sedation is to be performed, the 
same preparation applies. 

e For short studies sedation may not be 
necessary. 

e Consult with institutional guidelines for rec- 
ommended drugs to administer for sedation. 


Principles and Protocols for Sedation/ 

General Anesthesia 

e Sedation should be performed by qualified, 
authorized personnel including your pediatric 
anesthesia service applying the standard seda- 
tion used in your institution. 

e Sedation or general anesthesia should be used 
judiciously. 

— It can be indicated in young children 
beyond swaddling age and under 5 years of 
age or non-cooperative older children. 

— The need for sedation also depends on the 
study type, and should be considered in 
particular when performing SPECT/CT 
and PET/CT or PET/MRI. 

¢ Do not sedate the patient if adequate resuscita- 
tion facilities are not available, including a 
correct size endotracheal tube. 

e Document type, dose, and time of sedation. 

e A qualified nurse or physician must be pres- 
ent with the child during the entire sedation 
Monitor continuously using a pulse oximeter 
(document pulse rate and oxygen 
saturation). 


e The patient is only allowed to leave the depart- 
ment once fully awake as determined by the 
nurse or physician in your department. 

e Tell the parent/caregiver what to expect after 
sedation, and which warning signs to watch for. 


1.2 Performing and Reporting 


the Study 


Preparing and Administration 
of Radiopharmaceutical 


e If tracers are prepared in the Nuclear Medicine 
department, follow national regulations for 
radiopharmaceutical in-house preparation. 

e Ifsmall amounts of activity have to be admin- 
istered they may be difficult to draw up and 
the activity used to prepare the kit should be 
diluted. 

e Use the smallest syringe available to draw up 
the dose. For pediatric doses a 1-ml syringe is 
ideal. 

e A butterfly needle or venous cannula is rec- 
ommended to administer the radiopharmaceu- 
tical. Direct large bore venipuncture needle 
should not be used. 

e Post-injection saline flush is very important. 


Setting up the Imaging Device 


e Cover the collimator with absorbent material 
if the patient is positioned directly on the col- 
limator. This protects your camera from 
contamination. 

e Contamination can easily occur with studies 
such as milk scans or diuretic renography. 


Positioning the Patient 


e Wrap small babies tightly in a blanket 
(swaddle). 

e To prevent patient motion, use restraining 
devices including papoose boards, sandbags, 
large saline bags, rolled towels, or vacuum 
immobilization bags, around the patient. 


Fig. 1.4 Firmly secured 
child using Velcro straps 


Ensure the patient is firmly secured to the bed 
using Velcro straps (Fig. 1.4). 

When performing extremity imaging in a 
small child it is useful to bind the legs together 
(Fig. 1.5) and improve the position of the arms 
using splints. 

In older children, immobilize the feet together 
with the toes pointing inward, this improves 
the position of the hips and separates the tibia 
and fibula (Fig. 1.5). 

If the desired position cannot be obtained (due 
to pain or discomfort), care should be taken to 
place both limbs in similar positions. 
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Patient should empty the bladder before starting 
the scan to be comfortable during the procedure. 
If SPECT/CT or PET/CT are performed, arms 
should be placed above the head if possible, to 
avoid beam-hardening artifacts on CT when 
the arms are in the field-of-view (FOV). 

For PET/MRI and other studies with longer 
sedation times arms should be placed down, 
by the side of the body. 

When the site of disease is in the head and 
neck, an additional image of head and neck is 
recommended with arms by the side of the 
body (Fig. 1.4). 
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Fig. 1.5 Immobilized 
legs to reduce motion 
and better visualization 
of pelvic and shin bones 


Performing the Study Reporting the Study 


e Determine if all organs of interest are in the 


FOV, use a marker if needed. 

Zoom your images according to the patient 
size. 

A single FOV spot image of an infant is not 
acceptable for whole-body visualization. 
Long acquisition times increase the likeli- 
hood of motion artifacts degrading image 
quality. 

While it is important to follow pediatric imag- 
ing protocols, occasionally adjustments in the 
imaging sequence and duration are needed in 
order to tailor to the specific question at hand 
and to the degree of the child’s cooperation. 
When the infant is asleep, start with imaging 
the region of concern rather than sequential 
images from head to toe. 

For some study types, e.g., bone scans, it is 
recommended to first image the pelvis while 
the urinary bladder is relatively empty. 

The technologist should note when there is 
possible radioactive urine contamination, 
clean the area and repeat the examination 
without contaminated clothing. 


e Check the tracer biodistribution and quality of 
images before reporting the study. 


The report should include: 


e The indication for the study with pertinent 
medical history. 

e Premedication and pharmacologic interven- 
tion, type, and duration. 

e Any usage of sedation or general anesthesia. 

e CT imaging dose report to include the CT 
dose index (CTDI) and dose length product 
(DLP) when required by national or local 
regulations. 

e Presence of a urinary catheter. 

e The radiopharmaceutical type, activity, route 
of administration and site. 

e The imaging protocol: dynamic, planar, pin- 
hole, SPECT, SPECT/CT, PET/CT, or PET/ 
MRI. 

e A detailed study report of all findings. 

e Comparison to a previous study (if performed 
and available) and/or, if indicated, with results 
of other imaging tests. 
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1.3 


Final impression. 

Suggestion for further evaluation as clinically 
indicated. 

Urgent or critical findings should be directly 
communicated by phone to the referring phy- 
sician and this communication should be doc- 
umented in the printed report, including the 
name of the physician, date and time of the 
communication. 


Hybrid Imaging [17, 18] 


Hybrid imaging is now an important part of 

nuclear medicine, including pediatric patients. 

The power of the co-registered, cross-sectional 

capabilities of SPECT/CT, PET/CT, and PET/ 

MRI provides more information than the sum 

of the parts standalone. 

With new techniques comes the added respon- 

sibility of optimizing the investigation. 

CT scan options for hybrid imaging studies 

(both PET/CT and SPECT/CT) include: 

— Attenuation correction and 
optimization. 

— Study for anatomical localization. 

— Diagnostic CT with or without oral and/or 
IV contrast administration. 

CT settings for SPECT/CT or PET/CT should 

follow pediatric protocols for low-dose or 

diagnostic CT including: 

— Low-dose CT for anatomical localization, 
mainly if the patient had a diagnostic stand- 
alone CT within a short time interval prior 
to the hybrid imaging study. 

— Optimized study for diagnostic evaluation. 

Dose modulation should be applied for pediat- 

ric CT hybrid studies. 

CT images should be examined using bone, 

lung, and soft tissue windows. 

The choice of technique depends on local hos- 

pital protocols, team and clinician’s prefer- 

ences, and MRI availability. 


image 


SPECT/CT [19] 


Gamma camera imaging with single photon 
emitting radiotracers represents the majority 
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of procedures in a routine pediatric nuclear 
medicine practice. 
The optimization of technology for image 
acquisition, display, and analysis, as well as 
the emergence of new ?™Tc-labelled agents 
are enhancing the value of SPECT/CT in 
terms of both clinical impact on patient 
care. 
In general, and specifically for non-oncological 
indications, the decision to perform the CT is 
made if clinically indicated or after the SPECT 
images are completed and reviewed and with 
the patient not having moved position [20]. 
SPECT/CT has proven to be especially valu- 
able by: 
— Precise localization of areas of abnormal 
and/or physiological SPECT tracer uptake. 
— Improving the sensitivity and specificity of 
nuclear medicine procedures. 
— Allowing for quantitation. 
— Optimized guide for interventional diag- 
nostic procedures. 
When CT is acquired only to clarify SPECT 
findings, its FOV can be reduced to only cover 
the suspicious findings. This can significantly 
reduce the patient's dose. 


PET/CT [21-24] 


True whole-body imaging from vertex to 
feet has been recommended to be performed 
in PET/CT studies of children as pediatric 
diseases may occur distal to elbows and 
knees. 

In general, pediatric CT scanning for PET/CT, 
even with optimized diagnostic techniques 
including IV contrast administration can be 
adequately performed with lower kVp and 
with dose modulation to lower mAs. 

By utilizing an optimized post-contrast CT 
examination with sufficient attenuation- 
correction, while staging a child presumed to 
have malignancy, one may possibly eliminate 
the 1-2 additional CT scan examinations that 
may have been performed. 

PET/CT can be also utilized for better delinea- 
tion of target volumes for external beam radia- 
tion therapy. 
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PET/MRI [25, 26] 


This technology combines PET and MRI 
imaging with simultaneous acquisition. 
Potentially, any study that could be done with 
PET/CT could be performed with PET/MRI 
provided there are no contraindications for the 
child to have an MRI. 

As with CT, renal function should be known 

before study. 

Strengths of MRI as compared with CT: 

— Superior soft tissue contrast resolution. 

— It provides functional data, mainly for neu- 
rological cases. 

— Lack of ionizing radiation is highly appeal- 
ing, particularly in pediatric, young adult, 
or pregnant patients. 

— With the development of full digital and 
total-body PET/CT and PET/MRI scan- 
ners, the administered activity can be sig- 
nificantly reduced. 

Limitations of PET/MRI: 


— Most children under 8 years of age will 
require sedation or general anesthesia for 
PET/MRI. 

— Non-sedated children may experience 
claustrophobia. 

— The technique and its evaluation are com- 
plex, the equipment is very costly and has 
limited availability in some countries. 

— PET/MRI has inferior performance (com- 
pared to CT) in detecting lung and cortical 
bone pathology. 

— There are more frequent artifacts on the 
attenuation correction maps. 

— A PET/MRI procedure can be of longer 
duration as compared to PET/CT, due to 
the prolonged MRI acquisition in cases of 
multiparametric sequences. 


Adverse Reactions to Contrast 
Media [27] 


Various forms of contrast media have been 
used to improve medical imaging. 

Like any pharmaceutical, these agents are not 
completely devoid of risk. When used, it is 
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important to recognize and manage the small 
but real risks inherent in the use of contrast 
media. 

Adverse side effects from the administration 
of contrast media vary from minor physiologi- 
cal disturbances to rare but severe life- 
threatening situations. 

It is important to evaluate the likelihood of a 
patient to experience a subsequent reaction. 
The previous use of contrast media, and also 
presence of allergy and asthma are important 
parameters to evaluate prior to the scan. 
Renal insufficiency, cardiac status, and anxi- 
ety should also be evaluated. 

In some cases, premedication strategies such 
as steroid and antihistamine administration 
might be used. 

Being prepared for prompt treatment of the 
entire spectrum of contrast media reactions 
and potential adverse events includes prear- 
ranged response planning with the availability 
of appropriately trained personnel, equipment, 
and medications. 

The ACR manual’s information on contrast 
reactions is a comprehensive resource for this 
topic. https://www.acr.org/Clinical-Resources/ 
Contrast-Manual. 


1.4 Correlative Imaging [27-29] 


Most radiologic correlative imaging modali- 
ties provide focused evaluation and not whole- 
body screening. 

Nuclear Medicine examinations in children 
often provide the capability for whole-body 
diagnostic imaging, occasionally revealing 
sites of disease that are outside the FOV of 
focused radiological investigations. 
Whole-body imaging is important because of 
the multifocal nature of certain oncologic and 
non-oncologic pediatric conditions. 

Referred pain, non-verbalization of infants, 
and difficulties in performing physical exami- 
nation in non-cooperative children can result 
in directing focused radiologic examinations 
to the wrong sites. 


Nuclear Medicine examinations, however, 
must be correlated with history, physical, and 
correlative imaging. 

Correlative imaging can include radiographs, 
ultrasound (US), CT, and MRI. 

Plain radiographs are often utilized as initial 
imaging for children presenting with respira- 
tory or gastrointestinal symptoms and may 
provide evidence of infectious, inflammatory, 
neoplastic, or traumatic diagnoses. 
Correlation with radiographs is particularly 
important for assessment of the musculoskel- 
etal system. 

Conventional radiographs usually are fol- 
lowed by more specific imaging. 

In recent decades, radiation-free techniques 
such as US have unequivocally become the 
first choice modality for assessing pediatric 
patients. 

US is a readily available tool and is required 
for correlation when performing various 
nuclear medicine studies in children, such as 
renal studies. 

US should be the first study in a child with a 
palpable abdominal mass. It can detect the site 
of origin of the mass as well as involvement of 
solid organs. However, this is usually not the 
final diagnostic and/or staging test. 
Cross-sectional imaging with CT or MRI may 
be performed in a child presenting with a mass 
or with systemic symptoms. 

CT is more often utilized to assess lesions in 
the chest such as for pulmonary nodules that 
may not show activity on nuclear medicine 
studies either because of their size or lack of 
avidity. 

Because hybrid nuclear medicine studies are 
not able to be done as breath-hold studies, the 
sensitivity with a stand-alone breath-hold 
non-contrast CT of the lungs is often needed 
for correlation. 

CT studies may be performed as the first 
imaging test in particular in a child with 
trauma. Results of this CT may then be used to 
correlate with additionally performed func- 
tional nuclear medicine studies. 

MRI, where available, has become the proce- 
dure of choice in a variety, if not all, pediatric 
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clinical scenarios, in particular, in suspected 
oncologic diseases and cancer predisposition 
syndromes, acute osteomyelitis, and infection 
and inflammation in the brain and spine. 

e The majority of MRI examinations are focused 
exams. 

e One pitfall with MRI, as well as with CT or 
US, is the fact that these studies are most often 
primarily focused on the clinical site of con- 
cern and can therefore miss the site of disease 
in cases of referred pain or remote sites in the 
presence of multifocal disease, both common 
situations in children. 
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Central Nervous System: The Brain 
and Cerebro-Spinal Fluid 


Lorenzo Biassoni, Helen Nadel, and Zvi Bar-Sever 


2.1 Brain Death Study 


Study Protocol for Brain Death Imaging [ 


1, 2] 


Clinical Indications 


e Confirmation of brain death. O 


Pre-exam Information 


e Is there a strong clinical suspicion of brain 
death? 

e Did the patient sustain any recent injury to the 
head? If so, what is the location and severity 


Patient Preparation 


In some institutions, when a non- 
specific radiopharmaceutical is used, a 
tourniquet is placed that encircles the 
head just above the eyebrows, ears, and 
around the posterior prominence of the 
skull. This reduces blood flow to the 
scalp and helps distinguish between 
cerebral and scalp activities. 

Radiopharmaceutical, Administered 


of the injury? Activity and Mode of Delivery 


e Does the patient have intracranial pressure 
monitors or drip sites on the scalp? 

e What is the hemodynamic condition of the ° 
patient? 
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Radiopharmaceutical: 


Preferred: specific brain perfusion 
tracers [°°'™Tc]hexamethylpropyle- 
neamine oxime (HMPAO) and [Tc] 
ethyl cysteinate dimer (ECD) have the 
advantage that allows for the evalua- 
tion of the posterior fossa. 

Alternative: brain non-specific perfu- 
sion tracers:  [°™Tc]Pertechnetate 
(Pertechnetate) or [™Tc]diethylene- 
triamine-pentaacetate (DTPA) have the 
advantage of low cost and availability. 


Z. Bar-Sever et al. (eds.), A Practical Guide for Pediatric Nuclear Medicine, 


https://doi.org/10.1007/978-3-662-67631-8_2 


Check for 
updates 
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Activity: 


Weight based, 370-740 MBq (10- 
20 mCi) or 18 MBq/Kg (0.5 mCi/kg). 

Refer to the EANM pediatric dosage 
card and to the North American consen- 
sus guidelines on radiopharmaceutical 
administration in children in the respec- 
tive EANM and Society of Nuclear 
Medicine and Molecular Imaging 
(SNMMI) and image gently web sites. 

Note the slight discrepancy: for 
HMPAO and ECD, the EANM dosage 
card indicates a minimum dose of 
100 MBq. 

Reference to national regulation 
guidelines, if available, should be 
considered. 

Acquisition Protocol 


Collimator: parallel-hole, low energy, 
high resolution. 
Position: supine. 


Using a brain-specific perfusion tracer 


Dynamic study: anterior and posterior 
projections, 2 s/frame for a total of 
2 min, matrix 128 x 128. 

Static images: start immediately after 
dynamic images; anterior, posterior, and 
two lateral planar views, duration of 
acquisition 300 s, matrix 256 x 256. 
SPECT: performed at 20-30 min after 
tracer injection, 25 s/step, 64 steps/head 
(for dual-head cameras), matrix 
128 x 128. 

SPECT/CT is recommended in cases of 
skull and scalp trauma or deformities. 
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Using a non-specific cerebral perfusion 
tracer 


e Dynamic study: anterior and posterior, 
2 s/frame for a total of 2 min, matrix 
128 x 128. 

e Static images: starting immediately 
after dynamic images; anterior, poste- 
rior, and two lateral views, duration of 
acquisition 300 s, matrix 256 x 256. 


Study Interpretation [3] 


Dynamic images are assessed while adjusting 

the window settings. Activity in the distribu- 

tion of the anterior, middle, and posterior cere- 

bral arteries and sagittal and lateral sinuses is 

evaluated. 

The study should be assessed for the presence 

or absence of: 

— Cerebral perfusion on dynamic images. 

— Filling of the cerebral sinuses on planar 
images. 

— Uptake of the tracer in cerebral structures 
on SPECT. 


In cases of brain death: 


Arterial phase dynamic flow images show 
tracer distribution in the carotid arteries up to 
the base of the skull and no arterial blush over 
the cerebral hemispheres. 

Venous phase dynamic flow images show no 
activity in the venous sinuses although faint 
activity might be noted on late images. 

Static images confirm the absence of activity 
in the venous sinuses. 

SPECT images show the total absence of 
activity in any part of the brain. 
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Correlative Imaging 


e Correlate with radiography for skull fracture. 
e CT and MRI may show evidence of anoxic 
brain injury with/without uncal herniation. 


Red Flags 


e Use a line that is working well and try to give 
a good compact bolus. 

e Central lines are often used for administration 
of vasoactive agents and electrolytes. Consult 
with the referring physician or nurse if it is 
safe to inject a bolus into that line. 

e A peripheral line should be only used for 
tracer administration when a central line is 
unavailable. 

e Do not inject through an intravenous (IV) line 
placed in the scalp. 

e A tourniquet should not be placed prior to 
injection of non-specific tracers in cases of 
skull and scalp injuries. 

e Make sure that the entire head is in the field- 
of-view (FOV). Use a marker to confirm 
before giving the injection. 

e Static images must be performed immediately 
after the dynamic images. Diffusion of activ- 
ity from the scalp through the epiploic veins 
into necrotic brain tissue and cerebral sinuses 
may occur. 

e If the patient is hemodynamically unstable the 
SPECT may be performed earlier than the 
20-30 min specified in the study protocol. 

e If there is a history of traumatic brain injury 
with skull fractures and swelling, the study 


may be difficult to interpret due to soft tissue 
accumulation of Pertechnetate. Using a brain- 
specific perfusion tracer and SPECT/CT will 
improve diagnostic certainty. 

Even the slightest tracer activity on SPECT in 
any part of the brain precludes the diagnosis of 
brain death. If noted, a repeat brain death scan 
should be performed within a few days. Most 
repeat scans will show disappearance of the 
residual tracer activity. 


Take Home Messages 


The final impression of the study should state 
that either there is no evidence or that it shows 
evidence of brain perfusion. 

Brain-specific perfusion tracers can benefit 
from a SPECT or SPECT/CT acquisition 
which should be carefully evaluated. 

Careful inspection of SPECT images should 
ensure that there is no tracer uptake in cere- 
bral structures, in particular, infratentorial 
activity. 

Brain death evaluation with non-specific trac- 
ers should only be used if brain-specific trac- 
ers are unavailable. DTPA is preferable to 
Pertechnetate. 

SPECT/CT can distinguish uptake in the brain 
from increased activity related to hyperemia 
in overlying structures. 


Representative Case Examples 


Case 2.1. Brain Death (Fig. 2.1) 


Fig. 2.1 History: A 9-month-old boy admitted to the hos- 
pital with hypovolemic shock due to gastroenteritis had a 
cardiopulmonary arrest 2 days before the study was 
requested. The brain death study was performed using 
Pertechnetate. Study report: There is no perfusion to the 
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cerebrum on the dynamic images (a). There is no filling of 
the cerebral sinuses on the static images (b). Impression: 
The study shows a lack of perfusion to the entire brain 
confirming the clinical diagnosis of brain death 
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Case 2.2. Equivocal Brain Scan in a Patient 
with Suspected Brain Death (Figs. 2.2 and 
2.3) 


anterior posterior 


Lt lateral 


Rt lateral 


Fig. 2.2 History: A 14-year-old boy with congenital 
heart disease underwent cardiac surgery and had a sudden 
postoperative cardiovascular collapse. His pupils were 
dilated. He lost all brain stem reflexes. Brain CT demon- 
strated massive infarction of the entire left hemisphere 
and the right frontal lobe. His clinical status suggested 
brain death. A brain scan was performed following admin- 
istration of ECD. Study report: Anterior radionuclide 
angiography (a) showed tracer distribution in the carotid 
arteries up to the base of the skull but no arterial blush in 


s coronal 
the brain. Increased tracer uptake in the facial soft tissues 
was noted especially in the nasal area (“hot nose sign”). 
Early static images (b) showed no tracer localization in 
the brain parenchyma, but the posterior and lateral views 
showed uptake in the cerebellum, further confirmed on 
SPECT (c). Impression: Brain death could not be con- 
firmed because of the residual perfusion visualized in the 
cerebellum. The patient’s neurological status did not 
change, and a repeat study was obtained 5 days later 
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Fig. 2.3 History: Repeat brain scan in a 14-year-old boy 
with suspected brain death and an equivocal study per- 
formed 5 days before. Study report: Anterior dynamic 
study (a) showed no cerebral perfusion. SPECT (b) 


2.2 Drug-Resistant Epilepsy— 
Ictal and Interictal Brain 


Perfusion Spect 
Clinical Indications 


e To help localize the epileptogenic focus in 
children with drug-resistant epilepsy consid- 
ered for surgical excision in patients who have 
a normal or inconclusive MRI or with discor- 
dant MRI findings as compared to the clinical 
and video-telemetry results. 

— There must be a good pre-test likelihood of 
unifocal seizures (or at least a dominant 
seizure). 

— The seizure should last long enough to be 
captured by the tracer injection (seizures last- 
ing less than 20 s are unlikely to be captured 


- x 


showed no uptake in the cerebrum or cerebellum. 


Impression: The study confirms the clinical diagnosis of 
brain death 


with an ictal SPECT, although the epilepto- 
genic focus can still show prominent tracer 
uptake for some time after seizure ends). 


Pre-exam Information 


e The need for general anesthesia or sedation is 
evaluated for an individual patient. 

e If general anesthesia is required, a slot should 
be available for both the morning and the 
afternoon scanning sessions, as the time when 
the patient fits is unknown. 

e Some flexibility in the appointment bookings 
of the day is essential as the time when the 
child is going to fit is unknown and therefore 
the ictal scan may have to be slotted in between 
other pre-booked examinations. 
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Study Protocol for Brain Perfusion Imaging 
in Epilepsy [4-7] 


Patient Preparation 


Radiopharmaceuticals, 


Ensure that the child has been admitted 
to the telemetry ward for at least 
1-2 days to carefully study the EEG fea- 
tures of the seizures with the view to 
identify the characteristic seizure that 
has to be captured with the ictal tracer 
injection. 

Ensure that the neurologist looking after 
the child has decided whether it is nec- 
essary to reduce the dose of the anti- 
epileptic medications or to stop them 
altogether for one of 2 days prior to the 
ictal injection. 

Continuous EEG monitoring should 
start at least 2 h before the tracer injec- 
tion and continue up to 15 min after the 
injection, to make sure that no seizures 
have occurred during the period of time 
leading up to tracer injection. 

If the child is going to be anesthetized 
for the interictal study, this will happen 
after the tracer injection. 


Administered 


Activity, and Mode of Delivery 


Radiopharmaceuticals 


[°™Tc]ECD (ECD) is the radiophar- 
maceutical of choice if there is no 
radiopharmacy on site since it is more 
stable than the alternative [®Tc] 
HMPAO. 

[°°™Tc]HMPAO (HMPAO) can be safely 
used for the ictal perfusion SPECT if 
there is a radiopharmacy on site. 
[!8F]Fluorodeoxyglucose (FDG) is often 
used for interictal studies. 


Activity 
ECD and HMPAO: 7.4—11.1 MBq/kg 


(0.2-0.3 mCi/Kg), minimum 111- 
185 MBq (3-5 mCi). 


There are some differences between the 

North American consensus recommen- 

dations and the EANM dosage card as 

highlighted in the Image Gently 
website. 

— The North American consensus rec- 
ommends 11.1 MBq (0.3 mCi/Kg), 
minimum dose of 185 MBq (5 mCi), 
and maximum of 740 MBq (20 mCi). 

— The EANM recommends a minimum 
dose of 100 MBq (2.7 mCi). 

FDG: 3.7 MBg/kg (0.10 mCi/kg), mini- 

mal dose: 14 MBq (0.37 mCi). 

Refer to the EANM pediatric dosage 
card and to the North American consen- 
sus guidelines on radiopharmaceutical 
administration in children in the respec- 
tive EANM and SNMMI and image 
gently web sites. 

Reference to national regulation 
guidelines, if available, should be 
considered. 


Mode of Delivery 

For the ictal SPECT study 

When the characteristic seizure arises, 
the tracer has to be injected as soon as 
possible (within seconds) after seizure 
onset. 

After the seizure has come to an end, the 
nuclear medicine department must be 
notified as soon as possible, so that they 
can alert the anesthesiologists (if the 
scan requires general anesthesia) and 
prepare the gamma camera for the ictal 
SPECT scan. 


For the interictal SPECT study 


There should be at least a 48-h interval 
after the ictal scan. 

The tracer should be injected in the 
Nuclear Medicine department in a quiet 
room with dim lights. 

A cannula must be placed at least 15 min 
prior to tracer injection. 
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e The child is instructed not to speak, 
read, or move for at least 5 min prior and 
up to 5 min after the injection. 

e Acquisition should start at least 45 min 
after the injection of ECD or 40-90 min 
after the injection of HMPAO. 


Acquisition Protocol 
Patient positioning: 


e Supine with head as far up into the head- 
rest as possible and shoulders as low as 
possible. 

e This could be aided by getting the 
patient to lay on a sheet that is pulled 
down over the shoulders and secured 
with a Velcro strap and the use of 
sponges or rolled-up pillowcases slotted 
on either side between the patient’s head 
and the headrest. 

e The patient needs to be as high as pos- 
sible in the headrest to enable visualiza- 
tion of the back of the brain. Put the chin 
toward the chest to ensure that the entire 
cerebellum is included in the scan. 


Acquisition parameters for SPECT: 


e Collimator: low-energy, high or ultra- 
high resolution. 

e Fan-beam collimator, if available, is pre- 
ferred over a parallel-hole collimator. 

e SPECT parameters: 

— For triple head camera: 120 steps, 40 
steps/ head, 20-25 secs/step. 

— For dual-head camera: 120 steps, 60 
steps/head, 30 secs/step. 

— Acquisition mode: step-and-shoot is 
more frequently used. Continuous 
mode acquisition may provide 
shorter scan times and improve 
patient comfort. 

— Matrix 128 x 128. 

— Zoom: the acquisition pixel size 
should be one-third to one-half of the 
expected resolution. 
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Study Interpretation 


The clinical and EEG details must be known. 

A previously performed MRI using specific 

sequences for epilepsy should be available for 

comparison. 

The telemetry report of the SPECT seizure 

must be available. 

It is critical to have knowledge of the follow- 

ing information and record the timing 

(hh:mm:ss) where appropriate: 

— The exact time of EEG and clinical onset of 
the seizure. 

— The exact time of the tracer injection: start 
of the injection, end of the injection, end of 
flushing of the tracer with saline. 

— The exact time the seizure ends. 

— Atleast the time between flushing of tracer 
and seizure end (should be >15 secs). 

— EEG features at the time of seizure onset 
and immediately afterward. 


Correlative Imaging [8-12] 


A previously performed MRI using specific 
sequences for epilepsy should be available for 
comparison and may show flair abnormality. 
Correlation with arterial spin labelling (ASL) 
sequences may be helpful to increase confi- 
dence in PET interpretation. 


Red Flags 


It is of the utmost importance to administer 
the ictal tracer injection as early as possible 
after seizure onset. However, what seemed to 
be a seizure in its early onset may not evolve 
into a full seizure and, if the tracer has been 
injected too soon, it will capture an event that 
does not declare itself as a real seizure. 

The seizure ideally should not generalize into a 
tonic-clonic seizure shortly after tracer injec- 
tion. If it does, when the tracer reaches the 
brain the electrical discharge will have propa- 
gated, resulting in several non-specific areas of 
hyperperfusion and therefore a lower likeli- 
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hood of identifying the epileptogenic focus as 
an area of predominant hyperperfusion. 
If the syringe with HMPAO (with stabilizer) 
has been in the telemetry ward for over 3 h 
without having been injected, it will be signifi- 
cantly dissociated between free Pertechnetate 
and HMPAO, with high uptake of free 
Pertechnetate in the salivary glands and with 
less uptake of HMPAO in the brain, resulting 
in poor quality images. If the child did not 
have a seizure within 3 h of the delivery of the 
syringe with HMPAO to the telemetry ward, 
another syringe with the tracer in it should be 
prepared and sent to the ward, and the previ- 
ous unused syringe discarded. 

It is critical to have knowledge of the follow- 

ing pieces of information: 

— The time between the end of flushing and 
end of seizure: if this is shorter than 15 s 
the ictal SPECT may fail to capture the 
focus. 

— Ifthe seizure lasts less than 15-20 s, it may 
be difficult to capture with an ictal SPECT 
injection, since it takes about 15 s for the 
tracer to reach the brain after flushing with 
saline. 

— If the EEG findings during/immediately 
after the seizure can lateralize and localize 
the seizure focus, identify the origin of the 
seizure and whether it generalized shortly 
after onset. 

If a fan-beam collimator is available, make 

sure that the whole head (including the cere- 

bellum) is within the FOV. 

The ictal SPECT scan must be interpreted 

with the knowledge of the findings of an EEG 

performed before, during, and after the tracer 
injection. Ictal SPECT findings, considered in 
isolation, could be seriously misleading. 

The interictal SPECT study should also be 

performed always and correlated with the ictal 

study. 

If the patient is not under general anesthesia, 

communication with the patient via squeezing 


the hand of an accompanying person may 
enable them to perform the study without risk 
of head movement during the scan. 


Take Home Messages 


e This test should be done in centers with a spe- 
cialized epilepsy surgery program. 

e The entire epilepsy team should be on site 
when the ictal study is performed; the results 
should be discussed during the multidisci- 
plinary epilepsy team meeting. 

e Medical personnel trained and authorized in 
injection of radiopharmaceuticals must be 
dedicated to the child on the day of the ictal 
SPECT scan (the injection of the radiotracer 
occurs on the ward in a dedicated EEG-video- 
telemetry room). 

e The epilepsy team may reduce or stop anti- 
epilepsy medications prior to the ictal SPECT 
to induce the onset of the characteristic 
seizure. 

e Within the telemetry ward, a single room for 
the child is necessary. This room becomes a 
controlled area once the radiopharmaceutical 
is brought in. 

e Excellent communication between the telem- 
etry ward, the nuclear medicine department, 
and the anesthetists is essential to coordinate 
the start of the SPECT images acquisition. 

e An interictal SPECT scan in isolation is an 
insufficient test in the evaluation of a child 
with drug-resistant epilepsy. An FDG PET 
interictal study can be performed instead of an 
interictal SPECT study. 

e Co-registration of the ictal SPECT and the 
interictal SPECT with the MRI is state-of-the- 
art and increases the diagnostic accuracy of 
each modality in the search a much better of 
the epileptic focus. EEG monitoring during 
injection of FDG tracer is important to con- 
firm an interictal state. 
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Representative Case Examples 


Case 2.3. Right Epileptogenic Focus (Fig. 2.4) 


STUDY2 2011:04:01 


Fig. 2.4 History: A 1-year-old developmentally delayed 
boy, with asymmetric infantile spasms and focal seizures 
refractory to anti-epileptic medications, had a negative 
MRI. EEG showed continuous abnormalities in the right 
hemisphere, possibly the right anterior quadrant. For the 
ictal SPECT, ECD was administered during a typical clus- 
ter of spasms, with EEG changes lasting approximately 
6 min. The injection was given 2:39 min after clinical sei- 
zure onset. The seizures continued for 79 s after flushing 
of the tracer. The EEG at the time of injection showed an 
extensive area of abnormality suggestive of seizures from 
the right hemisphere, possibly right anterior quadrant. 
Study report: On the ictal study (upper row) there is 
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increased tracer uptake in the right anterior frontal region. 
In the interictal study (lower row) performed 2 days later 
there is slightly reduced tracer uptake in the right anterior 
frontal region. Subtraction of interictal from ictal SPECT 
images (blue area upper row) shows a significant differ- 
ence in radioactive counts in the anterior region of the 
right hemisphere, which correlates with EEG findings and 
clinical semiology. Impression: The findings suggest the 
presence of an epileptogenic focus in the anterior quad- 
rant of the right hemisphere in the right frontal region. The 
patient was referred for invasive monitoring for further 
consideration of a possible right frontal resection 
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Case 2.4. Residual Right Epileptogenic 
Focus (Fig. 2.5) 


Fig. 2.5 History: A child who had a right posterior pari- 
etal resection for focal cortical dysplasia continued to 
present with seizures after surgery. Study report: An ictal 
ECD SPECT (a) shows highly increased tracer uptake in 
the right parietal region, adjacent to the resection margin. 
This same area shows reduced uptake in the interictal 


study (b). Impression: The findings suggest a residual epi- 
leptogenic focus after surgical resection. Review of MRI 
with specific sequences for epilepsy in this area showed 
changes compatible with residual focal cortical dysplasia. 
The child was referred for further surgery 
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Case 2.5. Right Focal Cortical Dysplasia 
(Fig. 2.6) 


L. Biassoni et al. 


T1 RT 


Fig. 2.6 History: An 11-year-old boy had refractory par- 
tial and complex partial seizures, localized on EEG to the 
left frontal lobe. Study report: MRI showed a possible 
area of focal cortical dysplasia in the left frontal lobe 
(crosshairs MRI, left column). Ictal SPECT co-registered 
with MRI (center column) following injection of ECD 
shows focally increased tracer uptake in the left frontal 


Ictal 9MTcECD SPECT 


Interictal FDG PET 


area. This was confirmed in the interictal co-registered 
FDG PET/MRI study (right column). Impression: The 
study confirms an epileptogenic focus originating from 
the left focal frontal cortical dysplasia. Surgical resection 
was performed, and the patient is seizure-free at a 2-year 
follow-up 
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2.3 


Cerebro-Spinal Shunt 
Patency Studies 


Clinical Indications 


Patients with hydrocephalus with a CSF shunt 
who have clinical symptoms such as headache 
and vomiting, or an imaging suspicion of a 


malfunctioning shunt. 


Study Protocol for CSF Shunt Patency 
Imaging [13-15] 


Patient Preparation 


Review of medical history to determine 
the type of shunt (i.e., ventriculo- 
peritoneal, ventriculo-pleural, or 
lumbar-peritoneal). 

Review of the patient’s CT and/or MRI 
to determine the site of the shunt 
reservoir. 

Shave the hair over the shunt reservoir. 


Radiopharmaceutical, Administered 


Activity and Mode of Delivery 


Radiopharmaceutical: 


[°™Tc]DTPA (DTPA). 
Activity: 


20 MBq (0.55 mCi) in 0.1 ml volume 
drawn up in a tuberculin syringe. 

Refer to the EANM pediatric dosage 
card and to the North American consen- 
sus guidelines on radiopharmaceutical 
administration in children in the respec- 


tive EANM and SNMMI and image 
gently web sites. Reference to national 
regulation guidelines, if available, 
should be considered. 

Mode of delivery: 

Injected intrathecal or into the 
reservoir. 

Acquisition Protocol 


Collimator: parallel-hole, low energy, 
high resolution. 

Position: supine. 

FOV: Head and shunt pathway (chest or 
abdomen depending on shunt type). 
Time of imaging: early, immediately, 
and at 40-90 min post-injection. 

Static image acquisition parameters: 
300 s/view or 100 Kcounts, matrix 
256 x 256. 

Posterior and lateral views of the head 
to detect reflux into the ventricles. 
Anterior static images of the entire dis- 
tal length of shunt tubing following the 
head images (generally chest and/or 
abdomen). If there is no dispersion of 
the tracer in the abdomen, the patient is 
encouraged to stand up and, if possible, 
walk around. 

Additional, potentially required, 
delayed images up to 24 h of the head 
and chest/abdomen. 

SPECT/CT, when available can be per- 
formed to better define the presence and 
localization of the radiotracer uptake. 
For all images: note the time post- 
injection and label appropriately. 
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Study Interpretation 


Assess the location and type of shunt 
reservoir. 

Note whether CSF was readily withdrawn and 
sent for culture. 

Record the presence of ventricular reflux and 
tube activity, the time when the tracer reached 
the peritoneal cavity/pleura, and if there was 
free tracer distribution within the abdomen/ 
pleural cavity. 

If free distribution of tracer is seen the distal 
end of the shunt is patent. 

If no CSF was taken from the reservoir and 
there is slow transit down the tube and no free 
distribution of activity, the shunt is most likely 
blocked at the ventricular end. 


Correlative Imaging 


Radiography to confirm the type of shunt, i.e., 
ventriculo-atrial, ventriculo-pleural, or 
ventriculo-pelvic shunt. 

Radiographs for detection of shunt tube dis- 
ruption and position of end of tube. 
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Red Flags 


e A sterile technique should be used for drawing 
the dose and for the injection. 

e The technologist/ radiographer of the nuclear 
medicine department should be trained to 
safely prepare the radiopharmaceutical to be 
injected. 

e When performing intrathecal administration 
of radiopharmaceutical check for the purity of 
the compound and the activity to be injected. 

e A surgeon or a specifically trained nuclear 
medicine physician should administer the 
tracer injection according to national and hos- 
pital regulations. 


Take Home Messages 


e The nurse/technologist assisting the doctor 
should press on the tube just below the injec- 
tion site to induce reflux into the ventricles 
and thus test the patency of the proximal end. 

e A sample of CSF should be taken, if possible, 
for cytology and culture. 
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Representative Case Examples 


Case 2.6. Patent Shunt (Fig. 2.7) 
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Fig. 2.7 History: A 4-year-old boy with a ventriculo- 
peritoneal CSF diversion shunt for congenital hydroceph- 
alus presents with a recent headache and vomiting. MR 
showed mild dilatation of the ventricles with no change 
from the previous study. A Rickham reservoir was initially 
accessed aseptically, and CSF fluid was withdrawn for 
culture. Study report: The tracer was injected into the 
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Rickham reservoir (a, arrow) and passed rapidly from the 
ventricle into the shunt tube in the immediate post- 
injection images in posterior (a) and lateral (b) views. At 
40 min post-injection (c) the tracer has distributed dif- 
fusely into the peritoneum. Impression: Patent ventriculo- 
peritoneal shunt 
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Case 2.7. Blocked Shunt (Fig. 2.8) 
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Fig. 2.8 History: A 7-year-old boy with a history of 
hydrocephalus secondary to a brain tumor, which had 
been successfully removed followed by insertion of a 
ventriculo-peritoneal shunt, developed lethargy and head- 
ache with occasional vomiting. MRI showed moderate 
dilatation of the ventricles. Study report: The tracer was 
injected via a Hakim reservoir (a, red arrow). The CSF 
appeared under increased pressure. On the immediate 
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First Pass Study 


Clinical Indications [1, 2] 


e Evaluation and quantification of cardiac left- 
to-right shunts 
e To determine cardiac functional parameters 


Study Protocol for First Pass Studies [3] 
Radiopharmaceutical, Activity and 
Mode of Delivery 

Radiopharmaceuticals: 

One of the following can be used: 


e [™Tc]pertechnetate (Pertechnetate). In 


such as LVEF in children with: 

— Atrial septal defect 

— Ventricular septal defect 

— Truncus arteriosus 

— Patent ductus arteriosus 

— Complete atrio-ventricular canal 
— Aorto-pulmonary collaterals 
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this case, premedication with perchlo- 
rate is advised to avoid unnecessary thy- 
roid uptake. 
[°'™Tc]diethylene-triamine-pentaacetate 
(DTPA). 

[°™Tc]sestamibi (MIBI) or [P™Tc] 
Tetrofosmin. In this case, myocardial 
perfusion can be assessed after first pass 
acquisition. 

[°'™Tc]red blood cells (RBCs)—using 
the in vivo labelling kit has the addi- 
tional benefit that an RVG can be per- 
formed after the first pass. 


Activity: 


Weight-based; 9.6 MBq/kg (0.26 mCi/ 
kg), range 80 MBq (2.16 mCi)— 
490 MBq (13.24 mCi). 

Refer to the EANM paediatric dos- 
age card and to the North American con- 
sensus guidelines onradiopharmaceutical 
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administration in children in the respec- 
tive European Association of Nuclear 
Medicine (EANM) and Society of 
Nuclear Medicine and Molecular 
Imaging (SNMMI) and image gently 
web sites. 


Reference to national regulation guide- 
lines, if available, should be considered. 

Delivery: 

Injection technique: 


e Arm used for injection is extended with 
a 90-degree angle from the body. 

e Use of a central line is recommended, 
otherwise use the largest possible size 
intravenous (IV) cannula (not a butterfly 
needle!), placed and checked for patency 
before the study. 

e The bolus should be small, less than 
0.2 ml, with high specific activity. 

e Rapid, uninterrupted, bolus injection 
should be followed by a rapid bolus of 
normal saline to flush the activity. This 
is best achieved using a three-way stop- 
cock, connected to the radiotracer 
syringe and to a second syringe filled 
with saline (5-20 ml, depending on the 
calibre of the venous access). 


Acquisition Protocol 


e Collimator: low energy, high sensitivity 
e Matrix 64 x 64 
e Acquisition: 

— Dynamic study and anterior supine 
position. 

— Has to be gated if equilibrium LVEF 
measurements are performed in addi- 
tion to evaluation of the shunt. 

— Should start a few seconds before 
injection, to avoid missing the first 
frames. 

— It is critical to center precisely the 
cardiac region in the field-of-view 
(FOV) before injecting the bolus. 
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FOV should extend from the supra- 
sternal notch to just below the 
xiphoid and include most lung 
parenchyma. 

— Adequate zooming, considering the 
small dimensions of the cardiac cavi- 
ties, particularly in younger 
children. 

— For shunt evaluation a 2—4 frames/s 
rate is adequate. 

— If LVEF measurements are required, 
a rate of at least 25 frames/s should 
be used for a total of 15-30 s, taking 
into account an early start of the 
acquisition. 


Study Interpretation 


Assessment of adequacy of bolus (Fig. 3.1) 


Quality control (QC) of the injected bolus 
should be the first step prior to processing. 

A ROI is placed over the superior vena cava 
(SVC) and a time activity curve (TAC) is 
generated. 

This TAC is used to check the adequacy of the 
bolus. 

If the bolus is adequate, the TAC shows a sin- 
gle peak with a full-width half maximum 
(FWHM) of less than 3 s. 


Left-to-right shunt calculation (Fig. 3.1) 


A ROI is drawn over the lungs taking care to 
avoid the heart and large vessels and a TAC is 
generated. 

The normal pulmonary TAC shows a sharp 
peak, due to the transient tracer passage 
through the lungs followed by a smaller, 
wide-based peak representing the portion of 
the initial bolus returning to the lungs after 
recirculating through the systemic 
circulation. 

In case of a left-to-right shunt, there is persis- 
tence of tracer activity in the lungs due to 
premature pulmonary recirculation of the 
tracer through the shunt. 
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Fig. 3.1 Assessment of bolus adequacy and left-to-right 
shunt calculation. The square ROI depicts the SVC. The 
solid line represents the TAC obtained from counts mea- 
sured in a ROI drawn over the lungs taking care to avoid 
the heart and large vessels. The broken line represents the 
area under the gamma-variate lung fitted curve. No addi- 


— The magnitude of the persistent pulmonary 
activity is proportional to the size of the 
shunt. 

— In moderate-to-severe shunts, there is poor 
visualization of the left side of the heart 
and the aorta. 

The TAC is further fitted with a gamma-variate 

curve. The area under the gamma-variate lung 

fitted curve is calculated. The value obtained 
is denoted as Qp. 

The gamma-variate fitted curve is then sub- 

tracted from the original lung curve in order to 

get the recirculation shunt curve. 

A second gamma-variate fit is performed on 

the recirculation curve and the area under the 

new fitted curve is denoted as Qshunt. 


tional curve is seen early after the lung curve to suggest 
premature recirculation related to a left-to-right shunt. 
The calculated Qp/Qs is 1.59. There is no evidence for a 
physiologically significant left-to-right shunt 


The systemic flow denoted as Qs is calculated 
as the difference between Qp and Qshunt and 
is consistent with the recirculation after the 
first pass through the body. 

The ratio between the Qp/Qs is considered 
normal if below 1.4-1.6. 

The report should include a description of the 
passage of tracer through the cardiac right 
atrium, right ventricle, lungs, left atrium and 
ventricle and systemic circulation. 
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Correlative Imaging 


Trans-esophageal echocardiography and 
ultrasound (US) bubble study may be used to 
identify shunt. 

Magnetic resonance angiography (MRA) and 
CT angiography (CTA) may also show the 
presence of a left-to-right shunt. 
Echocardiography and MRI have replaced in 
most instances this modality for calculations 
of the left and right ventricular EF. 


Red Flags 


Meticulous injection and imaging technique 
and data processing are mandatory to obtain 
reliable and reproducible results. 

Avoid injecting whilst the patient is crying 
because rapid changes in intrathoracic pres- 
sure will likely cause bolus fragmentation and 
render the study inadequate. 

QC of the injected bolus should be the first 
step prior to processing. A fragmented or 
spread bolus will introduce errors in the com- 
putation of the first pass study. 

If the bolus is inadequate, a second study can 
be performed with approximately twice the 
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initial activity. This applies only to studies 
performed with DTPA and Pertechnetate. If 
both injections fail, the study should be post- 
poned to another day. 

The ROI drawn over the lungs should avoid 
the heart and large vessels. 


Take Home Messages 


e Anterior supine position offers the best spatial 


resolution since the detector is at a minimum 
distance from the heart. Left anterior oblique 
(LAO) view gives the best separation between 
LV and right ventricle (RV) and is preferred if 
evaluation of ventricular function is required. 
Right anterior oblique (RAO) view offers the 
best separation between the right atrium and 
RV. 

Left-to-right shunts mostly involve the atrial 
and/or ventricular septa. 

The first pass study is a sensitive technique to 
detect the presence of a left-to-right shunt and 
to quantify the magnitude of the shunt by cal- 
culating the ratio between the pulmonary and 
systemic circulations (Qp/Qs). 
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Representative Case Examples 


Case 3.1. Normal First Pass Study, Exclusion 
of Left-to-Right Shunt (Fig. 3.2) 
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Fig. 3.2 History: The study was requested to exclude a lungs, pulmonary veins and the left side of heart. 
left-to-right cardiac shunt. Study report: Dynamic images Impression: Normal study. No left-to-right shunt was 
demonstrate sequential arrival of activity into the superior detected 

vena cava, the right side of heart, pulmonary arteries, 
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Case 3.2. Left-to-Right Shunt (Fig. 3.3) 
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Fig. 3.3 History: A child with a heart murmur was 
detected on routine stethoscope auscultation. Study 
report: Dynamic images show a sharp bolus travelling via 
the superior vena cava into the RV and the lungs. There is 
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persisting tracer activity within the lungs due to premature 
recirculation through the left-to-right shunt, as well as in 
the LV and systemic circulation. Impression: Left-to-right 
shunt 
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3.2 Myocardial Perfusion 
Scintigraphy 


Clinical Indications [4] 


e Coronary malformations. 


e Post-surgical coronary abnormalities (i.e., 
arterial switch in transposition of great 


arteries). 
e Kawasaki disease. 
e Arteritis (Takayasu). 
e Cardiomyopathy. 


e Chest pain (not a common indication in pedi- 


atrics population). 
e Chest trauma. 


Study Protocol for Myocardial Perfusion 
Studies [5, 6] 
Patient Preparation 


e Knowledge of a number of factors that 
may influence the final interpretation of 
the study, such as the patient’s cardiac 
and coronary anatomy and/or cardiac 
surgery history. 

e Results of prior MPS studies. 

e Medication—in case the patient is tak- 
ing any of the below drugs and if clini- 
cally feasible stop. 

— Vasodilators for 24 h. 

— Calcium antagonists for 2 days. 

— Beta-blockers for 3 days. 

— Theophylline for 24 days (particu- 
larly for adenosine test). 

e Avoid caffeine for 24 hours. 

e Sedation is often required up to the age 
of 5-6 years. 


Stress Testing [7] 


e Physical stress (ergometer or treadmill): 
should be performed when possible. 

e Pharmacological stress: is preferred in 
younger children and whenever patients 
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and/or parents/caregivers cannot offer 

the necessary compliance. 

— Adenosine is preferred over dipyri- 
damole because it has a shorter bio- 
logical half-life (around 10 s). 

— For the use of adenosine or dipyri- 
damole as a cardiac stressor refer- 
ence to national regulation guidelines, 
if available, should be considered. 

— Pump infusion is desirable for ade- 
nosine intravenous administration 
(0.14 mg/kg/min for 6 min). 

— Only scarce literature is available for 
the paediatric use of regadenoson, 
but data are promising [8]. 

— A second venous access should be 
used for the infusion of the tracer. If 
it is not feasible, a two-way stopcock 
positioned directly on the cannula is 
the best solution to inject quickly, 
stopping the adenosine infusion for a 
few seconds and avoiding an adenos- 
ine bolus. 


Radiopharmaceutical, Administration 
Activity, Mode of Delivery 
Radiopharmaceuticals: 


e [™Tc]SestaMIBI (MIBI) 
e [%™Tc]Tetrofosmin. 


Activity: 


e Depends heavily on the sensitivity of 
the available camera. 

e As a rule of thumb, a minimum recom- 
mended activity of 80 MBq (2.2 mCi) is 
considered acceptable, but lower activi- 
ties are possible (and desirable). 

Refer to the EANM paediatric dos- 
age card and to the North American con- 
sensus guidelines onradiopharmaceutical 
administration in children in the respec- 
tive European Association of Nuclear 
Medicine (EANM) and Society of 
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Nuclear Medicine and Molecular 
Imaging (SNMMI) and image gently 
web sites. 

Reference to national regulation 
guidelines, if available, should be 
considered. 

Acquisition Protocol 


e Camera: a dual-heads camera in 90 
degrees configuration is preferred. 

e Collimators: low-energy high-resolution 
or dedicated cardiac collimators. 
Consider ultra-high resolution (UHR) 
collimators in newborns and younger 
infants. 

e Position: supine, arms above head. 

e Orbit: 180°, from RAO to left posterior 
oblique (LPO), keep the orbit as tight as 
possible. 

e 60 projections, 128 x 128 matrix, 
25-30 s/frame, depending on camera 
sensitivity. 

e Adequate acquisition zooming. 

e Gated SPECT should be acquired when- 
ever possible. 


Study Interpretation 


Evaluation of raw images in cine mode to 

determine the presence of potential sources of 

image artefact and the distribution of extracar- 

diac tracer activity. 

Check proper orientation of the post-stress 

and rest images. 

Assess whether myocardial perfusion defects 

are present and if so determine their: 

— Extent/size: small, medium, large. 

— Severity: mild, moderate, severe. 

— Presence and extent of reversibility: revers- 
ible or irreversible. 

— Location: based on segment model [9, 10]. 
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Red Flags 


e Requirements for performing stress tests: con- 
tinuous ECG monitoring, blood pressure 
measurements and pediatric resuscitation 
equipment. 

e Physical stress is difficult to perform in younger 
children, for the lack of suitable equipment 
and because of the short attention span. 

e When performing physical stress it can be dif- 
ficult to reach the target heart rate in some 
congenital situations, due to sinus node dys- 
function (e.g. Fontan circulation) or pharma- 
cological interference. 

e Adequate zooming during acquisition is 
essential to get enough detail in the images. 

e Reconstruction parameters (e.g. filter) have to 
be adapted to the small size of the heart. 

e Normal myocardial perfusion patterns may 
differ widely from normal distribution as seen 
in adult ischemic heart disease, such as visual- 
ization of the RV, a different ventricular sep- 
tum morphology. 

e Normalcy databases for quantitative perfusion 
scoring are not validated for pediatric patients. 

e In order to avoid unnecessary sedation and 
reduce radiation exposure, it is advisable to 
perform stress testing first. In case of a nega- 
tive stress study, the rest study is omitted. 

e Reporting functional data obtained from the 
gated images can be helpful, but requires care- 
ful quality control before processing, because 
of the difficult delineation of the myocardial 
profile of the small heart chambers. 


Take Home Messages 


e Acquisition techniques must be adapted to the 
clinical and anatomical situation. 

e Ergometer or treadmill stressing should be 
performed when possible. It is more physio- 
logic and can offer useful additional informa- 
tion such as exercise capacity or symptoms. 
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e Pharmacological stress is often preferred in usually without the need for the antidote 
young children. (theophylline). 

e Pump infusion is desirable for adenosine 
intravenous administration to achieve a con- 
stant infusion rate. Representative Case Examples 

e Adenosine with a shorter biological half- 
life, around 10 s, is preferred over dipyri- Case 3.3. Normal Myocardial Perfusion 
damole. Its side effects are easily managed, Study (Fig. 3.4) 
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Fig. 3.4 History: Patient with Takayasu’s arteritis. Study normal myocardial perfusion at stress and rest. The LVEF 
report: An exercise gated myocardial perfusion stress test is 89%. Conclusion: Normal myocardial perfusion 
was performed. Overall study quality is excellent. There is scintigraphy 
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Case 3.4. Reversible Perfusion Defect 
in Anterior Wall (Fig. 3.5) 


Fig. 3.5 History: A 11-year-old boy after arterial switch was performed. Study report: There is decreased perfu- 
operation for transposition of the great arteries with left sion in the anterior wall (apical and mid-planes, white 
coronary malformation complained of mild chest discom- arrows) improving at rest. Impression: Reversible hypo- 
fort during exercise. Exercise ischemia is suspected. perfusion of the anterior wall 

Stress/rest test (ergometer) followed by MIBI injection 
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Case 3.5. Partially Reversible Perfusion 
Defects (Fig. 3.6) 
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Fig. 3.6 History: A 14-year-old boy after arterial switch 
operation for transposition of the great arteries and anom- 
alous origin of the coronary arteries. Stress/rest test 
(ergometer) followed by MIBI injection was performed. 
Study report: On the stress study (upper row) there is mild 


hypoperfusion of the antero-lateral wall (white arrows) 
and the septum (green arrows) with partial improvement 
on the rest study (lower row). Impression: Partially revers- 
ible hypoperfusion in antero-lateral wall and septum 
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3.3 Blood Pool Scintigraphy 
of Vascular Structures 


Clinical Indications [11, 12] 


e Evaluation of hemangiomas or other vascular 
malformations. 

e To rule out unsuspected additional lesions. 

e In cases with high clinical suspicion but with 
inconclusive US, CT and/or MRI. 


Pre-Exam Information 


e Location and size of the lesion(s) suspected as 
hemangiomas. 
e Findings on correlative radiologic imaging. 


Study Protocol for RBC Scintigraphy [13] 


Radiopharmaceutical, Activity and 
Mode of delivery. 

Radiopharmaceutical: 

[°'™Tc]RBCs (RBC) [14]. 


e In vitro labelling is the method of choice 
and should be employed when an ade- 
quate facility and proper radiopharmacy 
practices are available because of sig- 
nificantly higher labelling efficiency 
and a lower likelihood of artefacts 
related to free °™Tc. 

— 1-3 ml of the patient’s blood are 
drawn anticoagulated with heparin or 
acid citrate dextrose (ACD). 

— RBCs are labelled with a commer- 
cially available preparation accord- 
ing to the manufacturer’s 
instructions. 

— General blood manipulation/han- 
dling precautions should be imple- 
mented. The labelled blood should 
be slowly re-injected to the patient 
from whom it was drawn. 
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In vivo labelling: 

— “Sn pyrophosphate is injected in 
appropriate, weight-based amount 
obtained from the package insert of 
the commercial cold kit. 

— Administration of [™ Tc] 
Pertechnetate follows 20 minutes 
later. 


Activity (Pertechnetate): 


74 MBq/Kg (2 mCi/kg), a minimum 
dose of 74 MBq (2 mCi). 

Refer to the EANM paediatric dos- 
age card and to the North American con- 
sensus guidelines onradiopharmaceutical 
administration in children in the respec- 
tive European Association of Nuclear 
Medicine (EANM) and Society of 
Nuclear Medicine and Molecular 
Imaging (SNMMI) and image gently 
web sites. 

Reference to national regulation 
guidelines, if available, should be 
considered. 


Acquisition Protocol 


Collimator: low energy, all purpose. 
Position: supine. 

FOV: according to the location of the 
lesion to be investigated, preferably 
whole body. 

Dynamic study: 1 s/frame, 60 s, matrix 
128 x 128, zoom according to child’s 
size. 

Static blood pool images: early, follow- 
ing the dynamic study and late, 2 h after 
tracer injection: 500 Kcounts, projec- 
tions according to body region, matrix 
256 x 256. 

SPECT following late static images: 
25 s/step, 120 projections, matrix 
128 x 128, size-appropriate zoom. 
When available SPECT/CT can clarify 
foci of uncertain origin. 
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Study Interpretation 


e Vascular malformations may show an arterial 
blush on the dynamic phase when bolus injec- 
tion is performed. 

e Foci of increased tracer accumulation on the 
late blood pool planar or SPECT images are 
likely to represent haemangiomas. 


Correlative Imaging 


e US may be used to characterize the solid and 
cystic component of vascular lesions and with 
Doppler assessment may provide some infor- 
mation on vascularity. 

e CTA or MRI/MRA may also identify and 
characterize vascular lesions. 


Red Flags 


e Injection of in vitro labelled RBC requires 
extreme caution to ensure that the blood is 
injected into the patient from whom it was 
drawn. To reduce the chance of misadminis- 
tration, it is advised to avoid booking more 
than one in vitro labelled RBC study per day. 

e In vivo RBC labelling allows optimal bolus 
injection. 


ANT D.P 


Fig. 3.7 History: A 17-year-old girl presented with a 
15-mm pulsatile mass in left face, suspected to be of vas- 
cular origin. Study report: Dynamic study of the head (a) 
following the injection of Tc-RBC does not show areas of 
increased blood flow. Early planar anterior view of the 
head (b) shows a slightly increased blood pool in the lat- 
eral aspect of the left face. Transaxial slices of SPECT/CT 
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e Inadequate RBC labelling may result in free 
Pertechnetate in circulation. Uptake in the thyroid 
gland and gastric mucosa will suggest improper 
labelling. Care should be taken not to confuse 
physiologic uptake and excretion of Pertechnetate 
with foci of increased blood pool activity. 

e The ability to detect hemangiomas depends on 
their size and location. Those smaller than 
1.5 cm in diameter may not be evident espe- 
cially when situated in organs with high blood 
pool activity or when they are adjacent to 
large blood vessels. 

e Small hemangiomas are better evaluated with 
contrast-enhanced CT or MRI. 


Take Home Messages 


e Hemangiomas and vascular malformations 
might be multifocal, especially in infants. It is 
advised to perform a whole-body scan to screen 
for additional findings throughout the body. 

e SPECT/CT improves the accuracy and diag- 
nostic confidence. 


Representative Case Examples 


Case 3.6. Facial Hemangioma (Fig. 3.7) 


performed at 2 h after radiotracer administration (c) dem- 
onstrate an area of increased blood pool corresponding to 
swelling of soft tissues in the left temporal-zygomatic 
area. Impression: The findings are consistent with a vas- 
cular lesion with venous blood supply in the left face. 
US-guided fine needle aspiration confirmed the diagnosis 
of hemangioma 
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Check for 
updates 


Pulmonary System 


Zvi Bar-Sever and Pietro Zucchetta 


4.1 Clinical Indications [1-4] — Instructural abnormalities of the chest (e.g. 
congenital diaphragmatic hernia, pectus 
excavatum and spinal scoliosis). 

In airway diseases (e.g. cystic fibrosis, for- 
eign body aspiration and bronchopulmo- 
nary dysplasia). 


e Diagnosis of pulmonary embolism (PE). 


e Assessment of differential perfusion to the 
lungs and/or regional, to lung zones (lobes) in 
children with congenital heart disease and 
associated stenosis of the pulmonary vessels, 
most commonly Tetralogy of Fallot, showing 
altered blood flow to the lungs. 

e Assessment of lung perfusion following cor- 
rective surgery or cardiac catheterization with 4.2 Pre-Exam Information 


balloon dilatation of a pulmonary vessel, the 


most common indication for perfusion lung ¢ Child’s age and degree of cooperation, to 


scintigraphy in children. 

Demonstration and quantitation of shunts 
between the right (pulmonary) and left (sys- 
temic) circulation, mainly in children with 
cyanotic heart disease. 

Evaluation of the hepato-pulmonary syn- 
drome in patients with liver disease or after 


determine the likelihood of obtaining a venti- 
lation study when required and the type of 
ventilation scan when options are available. 
Exact anatomy of congenital cardiac malfor- 
mations before or after corrective surgery. 
Presence of right-to-left shunt, of pulmonary 
hypertension or of solitary lung. 


liver transplant. 
e Assessment of lung function: 
— Before and after lung transplantation. 
— In congenital lung malformations (e.g. 
lobar emphysema, cystic adenomatoid mal- 


Study Protocol for Perfusion Lung Scan 
[2, 5, 6] 


formation and pulmonary sequestration). Radiopharmaceuticals, Activity and 
Mode of Delivery. 
Radiopharmaceutical: 
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Activity: 


Should take into account whether a ven- 
tilation study is preceding or immedi- 
ately following the perfusion scan (the 
order of exams depending on clinical 
indications and local preferences). 

— If no ventilation scan is performed: 
1.11 MBg/kg (0.03 mCi/kg), mini- 
mum activity: 14.8 MBq (0.4 mCi). 

— If perfusion scan is performed imme- 
diately after ventilation scan: 
2.6 MBq/kg (0.07 mCi/kg). 

— The typical number of MAA parti- 
cles should not exceed 50,000 in 
newborns and 165,000 in 1-year-old 
infants. In cases of right-to-left shunt, 
of pulmonary hypertension or of a 
single functioning lung, the number 
of particles should be 10,000. 

Refer to the EANM paediatric 
dosage card and to the North 
American consensus guidelines on 
radiopharmaceutical administration 
in children in the respective EANM 
and SNMMI and image gently web 
sites. Reference to national regula- 
tion guidelines, if available, should 
be considered. 


Mode of delivery: 


The tracer should be injected with the 
patient supine. 


Acquisition protocol 


Collimator: low energy, high or ultra- 
high resolution. 

Planar images: anterior, posterior, 4 
obliques and occasionally 2 lateral 
views, 300,000—500,000 counts/view, 
256 x 256 matrix. 

SPECT and SPECT/CT when available 
are recommended in selected clinical 
scenarios. 
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Study Protocol for Ventilation Lung Scan [2, 
4,7] 


Radiopharmaceuticals, Activity and 


Mode of Delivery. 
Radiopharmaceutical 
e %"Tc-labelled aerosols: Tc] 


diethylene-triamine-pentaacetate 
(DTPA) is the most common agent. The 
aerosol is created by a jet or ultrasonic 
nebulizer and introduced through a face 
mask. 

e °™Tc-labelled carbon nanoparticles: 
Technegas®, an aerosol which consists 
of the °™Tc molecule cocooned by lay- 
ers of graphite thus creating small par- 
ticles (S—30 nm wide) that are suspended 
in Argon gas [8]. 


Radioactive gases: 


e [Xe] Xenon (Xe), is at present 
unavailable in some countries and more 
expensive than aerosols. 

e [*'™Kr] Krypton (@!™Kr) is an inert gas 
eluted with humidified air through a 
!Rubidium/*!"Kr generator. Availability 
and high cost are limiting factors. 


Activity: 


e DTPA: scaled down according to the 
child’s weight from DTPA aerosol adult 
dose of 900-1300 MBq (25-35 mCi) in 
the nebulizer, from which the lungs 
receive approximately 20-40 MBq 
(0.5-1.0 mCi). 

e Technegas®: minimum dose 100 MBq. 

e 13Xe: 10-12 MBqg/kg (0.3 mCi/kg), 
minimum 100-120 MBq (3 mCi). 

e §mKr: in adults, the dose is 40—400 MBq 
(1.1-10.1 mCi) which would result in an 
estimated effective dosage of 0.004— 
0.01 mSv in children. 
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Refer to the EANM paediatric dos- 
age card and to the North American con- 
sensus guidelines onradiopharmaceutical 
administration in children in the respec- 
tive EANM and SNMMI and image 
gently web sites. 

Reference to national regulation 
guidelines, if available, should be 
considered. 

Note that Xe and *'™Kr do not 
appear on the EANM dosage card. 


Mode of delivery: 


e DTPA: the child should take deep 
breaths for several minutes. Cooperation 
is important and prevents application of 
the study in infants and young uncoop- 
erative children. 

e Technegas®: requires a special appara- 
tus, generator, for preparation of the 
inhaled aerosol. 

e 13Xe: requires a dedicated administra- 
tion and trapping systems to trap and 
exhaust the exhaled gas. 

e §!mKr: is inhaled via a face mask. 


Acquisition protocol 


e The ventilation scan is usually done first 
followed by the perfusion study. 

e ['%Xe] scans: in supine position, poste- 
rior view dynamic imaging, 5 sec/frame. 
The dynamic nature of the '*Xe study 
precludes multiple views acquisition. 

e [™Tc] agents: static images at equilib- 
rium, similar views as for the perfusion 
study, up to 100,000 counts/view. 

e SPECT is recommended, allowing bet- 
ter comparison with perfusion scan. 

e SPECT/CT, if available, may be also 
indicated, if not performed already as 
part of the perfusion scan. 
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4.3 Perfusion and Ventilation 
Study Interpretation 


Visual patterns of perfusion and ventilation lung 
scans should be interpreted according to the 
requested clinical indication: 


Congenital heart disease: [9, 10] 

e Any tracer localization in the brain or kidneys 
should be reported as evidence of right-to-left 
shunt. 

e In classic Glenn shunt (end-to-end pulmonary 
artery/superior vena cava anastomosis) upper 
extremity injection will result in tracer travel- 
ling through the superior vena cava into the 
right lung only. Tracers injected in the lower 
extremity will result in localization in the left 
lung only. In cases of a bidirectional Glenn 
shunt (end-to-side anastomosis), upper 
extremity injection will result in tracer accu- 
mulation in both lungs. Tracer injected into 
the lower extremity will travel from the infe- 
rior vena cava and enter the systemic circula- 
tion bypassing the lungs. 


Hepato-pulmonary syndrome [11]: 

e The shunt is intrapulmonary leading to the 
visualization of activity in the systemic 
circulation. 


Congenital and acquired airway disease [4]: 
e Global and regional distribution of pulmonary 
ventilation and perfusion are reported. 


Pulmonary embolism [12, 13]: 

e The hallmark of PE remains demonstrating a 
mismatch between absent or reduced perfu- 
sion in lung segments and preserved 
ventilation. 


Specifically, dynamic [!**Xe] studies should 
be interpreted as follows: 


e Initial images after a single breath reflect 
regional lung ventilation. 
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Equilibrium phase images, after multiple 
breaths through a rebreathing inhalation sys- 
tem, reflect the distribution of aerated air 
space volume. 

Subsequent images after gas administration 
ceases reflect washout from the airspaces. Air 
trapping when present is typically evident dur- 
ing this phase. 


4.4 Perfusion and Ventilation 


Differential Lung Function 
Analysis 


In addition to visual inspection of images, 
studies can be processed to provide a quantita- 
tive analysis. 

Quantification of lung perfusion is usually 

assessed on anterior and posterior planar pro- 

jections, and more recently using quantitative 

SPECT or SPECT/CT segmentation methods. 

— Differential lung perfusion and/or ventila- 
tion is calculated by comparing left and 
right lung counts obtained from whole lung 
regions-of-interest (ROIs) and is expressed 
in percentages. 

— ROIs can be placed on the posterior view 
only or both the posterior and anterior view 
to obtain conjugate counts for calculating 
the geometric mean. 

— ROIs can be split into upper middle and 
lower zones for each lung for a crude 
assessment of regional lung perfusion and 
ventilation. Modern processing software 
allows determination of these values 
according to lung lobes and segments and 
should be preferred when available. 

In patients with shunting between the pulmo- 
nary and systemic circulations, MAA particles 
embolize pre-capillary arterioles in the sys- 
temic circulation. The brain and kidneys that 
receive a large portion of the cardiac output, 
are visualized. 

Right-to-left (R-L) shunt magnitude calcula- 

tion can be obtained by drawing whole body 

and lung ROIs and using the following 
formula: 
R-L shunt (%) = [(total body counts—lung 
counts)/total body counts] x 100 [1]. 
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e Alternatively, it is possible to calculate the 
shunt index by obtaining the ratio between 
brain counts from a brain ROI and lung counts 
from a ROI placed on both lungs on the poste- 
rior view, corrected by background: 

Background corrected brain counts/back- 
ground corrected lung counts x 100 
(Normal value 0.42 + 0.30) [14]. 


4.5 Correlative Imaging 


e Chest radiograph correlation is required when 
PE is suspected. 

e CT pulmonary angiography (CTPA) correla- 
tion may increase the specificity of ventila- 
tion/perfusion (V/Q) scans. 


Red Flags 


e For perfusion studies, injection should be 
given in supine position to reduce the effect of 
gravity on the particle distribution between 
the upper and lower lung zones. 

e In complex situations (e.g. cavo-pulmonary 
anastomosis, aka Glenn shunt and Fontan cir- 
culation) it is required to split the bolus admin- 
istration to upper and lower limbs. 

e Blood should not be drawn into the injection 
syringe since this may result in blood clots con- 
taining MAA particles that can affect the radio- 
tracer distribution in the pulmonary circulation. 

e Images may appear inhomogeneous when 
using a small number of MAA particles but 
they can be sufficient for visual assessment 
and semi-quantitation of whole lung and 
regional perfusion. The number of MAA 
particles: 

— Should not exceed 50,000 in newborns and 
165,000 in 1-year-old infants. 

— Should be around 10,000 cases of right-to- 
left shunt, of pulmonary hypertension or of 
a single functioning lung. 

e Tracer localization in the thyroid gland, seen 
on the chest views, requires additional scans 
of the head to distinguish between free 
Pertechnetate due to improper MAA labelling 
and right-to-left shunt. Pertechnetate can be 
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seen in the thyroid, the gastric mucosa and 
renal collecting systems. In case of shunts the 
tracer will be seen in the brain. 

e Inadequate ventilation can result in low radio- 
labelled aerosol concentration in the periphery 
of the lungs and accumulation in the trachea, 
large airways, oropharynx, oesophagus and 
stomach, limiting the diagnostic accuracy. 
These effects are accentuated in cases with an 
abundance of airway secretions. 

¢ The *'Rubidium/*'"Kr generator is expensive 
and not widely available [3, 15, 16]. 

e The original PLOPED and revised PIOPED cri- 
teria as well as the new European guidelines 
for lung scintigraphy in adults with suspected 
PE have not been validated in children [13]. 


4.6 Take Home Messages 


e Plan the study carefully, keeping in mind that 
ventilation scans may be difficult to obtain in 
young children. 

e When both ventilation and perfusion studies 
are performed sequentially, the activities of 
the administered doses should be adjusted so 
the count rate from the second study is 3 times 
higher than that from the first study. 

e When both perfusion and ventilation SPECT 
studies are obtained, they should be aligned 
and displayed side by side [13]. 

e Comparison to previous studies, when pres- 
ent, is essential to determine temporal changes 
and to assess the effectiveness of therapeutic 
interventions. This requires meticulous stan- 
dardization of the study, including patient 
positioning and ROI drawing. 

e When a right-to-left shunt is suspected the 
field-of-view of the perfusion study should 
be extended to visualize the presence or 
absence of tracer in the brain or renal 
parenchyma. 

e A meticulous technique is important during 
the inhalation phase of the ventilation studies 
to achieve good tracer penetrance into 
peripheral airways and to prevent environ- 
mental contamination. 

e Semi-quantitation of differential and regional 
lung perfusion and ventilation can be easily 
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calculated and is important for planning and 
monitoring therapeutic decisions, and for 
long-term follow-up. 
The diagnosis of PE in adults as well as, 
although less common, in children, shifted in 
recent years from scintigraphic techniques to 
CT angiography (CTA). There are a number 
of risk factors for PE in children, the most 
common being the presence of a central line 
catheter. There has been some resurgence of 
ventilation/perfusion scintigraphy not only as 
a solution for PE evaluation when CTA is con- 
traindicated (contrast allergy, chronic renal 
failure), but also to reduce the radiation bur- 
den compared with CTA. 
Perfusion and ventilation SPECT and/or 
SPECT/CT processed with iterative recon- 
struction methods because of the low count 
rates have improved the diagnostic accuracy 
for diagnosis of PE. 
For certain indications such as PE, a normal 
perfusion study performed first may eliminate 
the need for a ventilation study if it is normal. 
The most common congenital cardiac malfor- 
mation with associated pulmonary stenosis is 
Tetralogy of Fallot. Baseline perfusion studies 
assess the severity of the condition and fol- 
low-up studies can determine the impact of 
therapeutic measures (balloon dilatation, stent 
placement etc.). 
When interpreting perfusion lung scans, in 
cases of congenital heart disease, it is essential 
to know: 
— The anatomy of the malformations and the 
corrective surgery that was performed. 
— If tracer was injected in the upper or lower 
extremity veins. 
Technegas® behaves as a “‘pseudo-gas’ with 
good penetration into the peripheral airspaces. 
Inhalation of Technegas® requires less patient 
cooperation and produces high-quality venti- 
lation images. 
'33Xe ventilation can be applied successfully 
to children with limited cooperation. It is a 
dynamic study, allowing only one view, typi- 
cally posterior. The study should be performed 
prior to the perfusion acquisition. 
8ŝimKr enters the alveolar spaces and pulmonary 
circulation by diffusing into the alveolar capil- 
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laries. It returns from the peripheral circulation 
to the lungs and is exhaled. Equilibrium is 
reached rapidly with a constant concentration 
in the lungs allowing static images. 

e §!™Kr ventilation requires little cooperation, has 
a very low radiation burden due to the short half- 
life of §'™Kr of 13 seconds and can be applied in 
studies of infants and young children. 


anterior 


anterior 


Fig. 4.1 History: A 4-year-old boy underwent perfusion 
lung scintigraphy to assess the impact of an isolated left 
pulmonary artery stenosis on the differential pulmonary 
perfusion. Anterior and posterior images (a) show a 
marked global reduction of the perfusion of the left lung. 
The differential perfusion was 90% and 10% to the right 
and left lungs, respectively. Based on these results he 
underwent cardiac catheterization with balloon dilatation 
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4.7 Representative Case 


Examples 


Case 4.1. Assessment of Pulmonary Artery 
Stenosis (Fig. 4.1) 


10% 


posterior 


36% 


64% 


posterior 


of the left main pulmonary artery. A follow-up lung scan 
performed 6 months later (b) demonstrates improved per- 
fusion to the left lung. The differential perfusion to the left 
lung increased from 10% to 36%. Impression: Marked 
improvement in left lung perfusion due to the successful 
intervention. NB: This case demonstrates how a perfusion 
lung scan guides decisions on the need for therapeutic 
interventions and evaluates their success 
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Case 4.2. Right-to-Left Shunt (Fig. 4.2) 


Fig. 4.2 History: A 
10-month-old boy with 
complex congenital 
cardiac anomalies 
including situs inversus, 
corrected transposition 
of the great arteries and 
pulmonary atresia, 
underwent a left-sided 
modified Blalock 
Taussig shunt at the age 
of 1 month. Perfusion 
lung scan was performed 
to assess a stenosis of 
the right pulmonary 
artery. Study report: 
There is a reduction in 
the pulmonary perfusion 
of the right lung. In 
addition, there is diffuse 
tracer activity in the 
brain, in the parenchyma 
of both kidneys and in 
the spleen located in the 
right upper quadrant due 
to situs inversus 
(arrows). Impression: 
The findings suggest the 
presence of a shunt from 
the pulmonary to the 
systemic circulation, a 
right-to-left shunt 


anterior posterior 


= 


RPO LPO 
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Case 4.3. Congenital Cystic Adenomatoid 
Malformation (Fig. 4.3) 


Fig. 4.3 History: A 4-month-old girl with a large con- 
genital cystic adenomatoid malformation of the right lung 
as seen on chest CT (a). Study report: Baseline perfusion 
lung scintigraphy (b) shows a large perfusion defect in the 
right lung corresponding to the malformation. The differ- 
ential perfusion was: right lung 28%, left lung 72%. 


Z. Bar-Sever and P. Zucchetta 


72% 28% 
anterior posterior 


Impression: Decreased perfusion to right lung corre- 
sponding to the structural malformation seen on 
CT. Subsequently, the infant underwent surgery to resect 
the malformation and to reconstruct the right pulmonary 
artery 
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Case 4.4. Hypoplastic Left Lung (Fig. 4.4) 


a 12% 88% 


anterior posterior 


Fig. 4.4 History: A 7-month-old preterm infant with a SPECT slices (b) show a small left lung with a marked 
hypoplastic left lung caused by congenital paralysis ofthe reduction in pulmonary perfusion contributing only 12% 
left hemi-diaphragm had lung perfusion scintigraphy to to the total pulmonary perfusion. Impression: Hypoplastic 
assess the differential pulmonary perfusion. Study report: left lung with a marked decrease in relative perfusion 
Anterior and posterior perfusion images (a) and coronal 
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5.1 Thyroid Scintigraphy 


in Congenital 
Hypothyroidism 


Clinical Indications [1-4] 


To determine the etiology of CHT. 
To differentiate between permanent and tran- 
sient forms of CHT. 


Pre-Exam Information 


This is an urgent scan and should be booked 
within 3—4 days from birth. 

A thyroid function blood test may be per- 
formed following the positive screening result. 
If this confirms the diagnosis of hypothyroid- 
ism, the newborn is started on thyroxine. 

Is the infant receiving hormonal replacement 
therapy? If so, for how many days? 

Whether there has been maternal thyroid dis- 
ease during pregnancy and/or antithyroid drug 
therapy. 
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History of exposure of the newborn to iodine- 
containing antiseptics used in maternal 
(C-section) or newborn surgery or contrast 
media in radiologic procedures. 


Study Protocol for Thyroid Scintigraphy in 
Neonates [5, 6] 


Patient Preparation 


e A cannula is placed for tracer injection 
and blood tests if required. 

e No fasting is required for intravenous 
(IV) radiotracer administration. 

e Oral '”I administration requires 2 h of 
fasting before the scan to ensure rapid 
and complete absorption. 


Radiopharmaceutical, 
Mode of Delivery. 
Radiopharmaceutical: 


Activity, and 


e [™Tc]Pertechnetate (Pertechnetate): is 
the preferred radiopharmaceutical in 
children because of its quick localiza- 
tion within thyroid tissue. 

e [!3I]Na Iodine (!7I) is theoretically the 
most physiologic radiopharmaceutical 
and yields better images even with low 
uptake. 
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Activity: 


Pertechnetate: the injected activity in a 
neonate is about 10 MBq (0.35 mCi). 
13] administered IV: the recommended 
activity is 3 MBq (0.08 mCi) but some 
centers use only 1.2 MBq (0.03 mCi). 
13] administered orally (following 
2 hours fast): 0.2 MBq/Kg (0.005 mCi/ 
Kg) with a minimum dose of 3 MBq 
(0.08 mCi). 

Refer to the EANM pediatric dosage 
card and to the North American consen- 
sus guidelines on radiopharmaceutical 
administration in children in the respec- 
tive EANM and SNMMI and image 
gently web sites. 

Reference to national regulation 
guidelines, if available, should be 
considered. 


Delivery: 


IV tracers are administered through a 
cannula, which should be adequately 
flushed with normal saline before and 
after the injection. 


Acquisition Protocol. 
Pertechnetate: 


Time of imaging: 15-20 min 

post-injection. 

Pinhole collimator is recommended 

when available. 

If a pinhole collimator is not avail- 
able use general purpose, high or ultra- 
high resolution collimator. 

Position: supine with the neck extended. 

A folded towel under the neck helps 

achieve the desired extension. 

— The infant is secured to the camera 
bed, with the arms by the side of the 
body. 

Projections: standard anterior, right and 

left anterior oblique (RAO, LAO). A lat- 
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eral view of the neck indicated in cases 

of ectopy, is obtained with the infant 

lying on his side. 

e 5Co markers positioned on the supra- 
sternal notch and optionally on the chin 
to improve spatial orientation. 

e Acquisition parameters: 

— Duration: 5-10 min/view. 
Alternatively: 250 Kcounts; for 
images with markers 50 Kcounts. 
Pinhole: 100-200 Kcounts. 
Zoom of 1.5-2 (typical), matrix 
128 x 128 or 256 x 256. 
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e Time of imaging 2-6 h if early imaging 
is desired. Otherwise 24 h after inges- 
tion is standard. 

e All other parameters are the same as for 
Pertechnetate (see above). 


Study Interpretation 


e Normal scan: 
— Symmetrical tracer uptake in both thyroid 
lobes, resembling a butterfly shape. 
— The gland is positioned at the base of the 
neck, the normal thyroid bed. 
— Faint uptake is seen in the salivary glands 
and the gastric mucosa. 
e Lack of tracer uptake in the thyroid gland can 
be due to: 
— Agenesis. 
— Maternal antithyroid antibodies in the new- 
born’s blood (preventing tracer uptake). 
e Ectopic focal uptake: 
— Inthe upper neck midline, the region of the 
oropharynx, suggests a “lingual thyroid.” 
— One or, occasionally, two foci in the lower 
neck, above the normal thyroid bed, located 
along the thyroglossal duct. 
e Faint, ill-defined uptake in thyroid bed can be 
due to: 
— Maternal antibodies. 
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— Exposure of the newborn to iodine. 

— A hypoplastic gland. 

— Treatment with replacement thyroid hor- 
mones for more than 7 days. 

Visualization of a single lobe is due to 

hemiagenesis. 

Intense uptake in both lobes of a normally 

positioned thyroid gland suggests 

dyshormonogenesis. 


Perchlorate Discharge Test [7] 


e Iodide is an essential substrate of thyroid hor- 


mones. It is normally trapped in thyroid cells 
and undergoes organification and incorpora- 
tion into tyrosine residues in thyroglobulin 
(Tg). Organification defects in thyroid 
hormone synthesis cause accumulation of free 
iodide in the thyroid cells. 

Perchlorate is a drug that shares the same 
uptake mechanism as iodide and is also 
trapped in thyroid cells. This results in the dis- 
charge of excess non-organified iodide from 
the cells. 


Perchlorate Test Protocol 


e Following administration of !7I a region 
of interest (ROT) is placed over the thy- 
roid gland and a background ROI over 
the right lung. 

e 90 mg of Perchlorate is administered 
orally. 

e A repeat anterior view of the thyroid is 
obtained after 60 minutes and processed 
with the same ROI. 

e A positive study indicating an organifi- 
cation defect requires a greater than 
10% decay-corrected reduction in the 
net thyroid counts at 60 min after 
Perchlorate administration. 
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Correlative Imaging 


e US of the neck may show the presence of the 
thyroid in the neck and can be used to screen 
for a possible mass at the base of the tongue. 
This assessment can however be difficult due 
to small size of infants and thus limited access 
to the neck area. When a normally situated 
gland is visualized, an ectopic gland can be 
excluded. 

e Neck US can help determine the presence or 
absence of the thyroid that is not visualized on 
scintigraphy as well as to confirm the mor- 
phology and location of the gland. 

e Ifstruma ovarii is suspected US or other cross- 
sectional imaging of the pelvis may be 
warranted. 


Red Flags 


e Itis best to perform the thyroid scan before the 
initiation of hormonal replacement therapy, 
but scheduling limitations should not post- 
pone treatment. 

e Some centers prefer to position the child 
directly on the collimator surface, lying in the 
prone position with the head gently cradled in 
the hands of a parent/caregiver or staff. 

e In practice, the use of !7I is not necessary 
unless a perchlorate discharge test is planned. 

¢ Some centers use a reduced dose of !*I admin- 
istered IV by more than 50% of the recom- 
mended activity, 1.2 MBq (0.03 mCi) instead 
of 3 MBq (0.08 mCi) with satisfactory image 
quality while also achieving a significant 
decrease in the effective exposure dose. 


Take Home Messages 


e 13] is not widely available, being expensive 
and having a higher radiation burden than 
Pertechnetate. 

e Thyroid scans for CHT are urgent studies and 
should be given priority in scheduling. 

e Study results can still be informative after a 
few days of therapy. 
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Positioning the child directly on the collima- 
tor surface in the prone position decreases the 
distance between the thyroid gland and the 
collimator, improving spatial resolution and 
shorter acquisition time. 

Pinhole collimators provide optical magnifi- 
cation and enhance the spatial resolution that 
may improve diagnostic accuracy. This is 
especially important given the small thyroid 
gland size in the newborn. 

In cases of dyshormonogenesis, when using 
123], a perchlorate discharge test can 
substantiate the diagnosis. Perchlorate will 
not discharge iodide from normal thyroid 
glands. 

The normal uptake of Pertechnetate is 0.44% 
of the injected activity. 

Faint, ill-defined uptake in the thyroid bed is 
less specific than the other patterns of thyroid 
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visualization and can be due to a number of 
causes, as described above. 

e Maternal antithyroid antibodies in the new- 
born’s blood can severely impede tracer 
uptake by the gland due to transient hypothy- 
roidism, a condition that subsides within a few 
weeks after the disappearance of the antibod- 
ies from the blood. Neck US can help distin- 
guish between this option and agenesis of the 
gland. 

e The best study interpretation is obtained when 
combining scintigraphy and results of neck 
US. 


Representative Case Examples 


Case 5.1. Non-visualization of Thyroid Gland 
(Fig. 5.1) 


Fig. 5.1 History: Neonate with congenital hypothyroid- 
ism. Study report: In the left lateral view (right, with, and 
left, without markers), there is no evidence of functioning 


thyroid tissue in the neck or elsewhere. Impression: The 
findings are compatible with thyroid agenesis or a severely 
dysplastic thyroid 
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Case 5.2. Sublingual Thyroid (Fig. 5.2) 


250319 (0) Lt Lateral 50011 (0) 
76:76 32:32 
* 
A 
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Fig. 5.2 History: Neonate with congenital hypothyroid- 
ism. Study report: On left lateral views (left without mark- 
ers, center with markers) there is a focal area of 
Pertechnetate uptake in the sublingual position. In the 
anterior view (right) the focus appears round-shaped and 


Case 5.3. Ectopic Thyroid Tissue (Fig. 5.3) 
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not in the typical butterfly shape of the normal thyroid 
gland. Impression: The findings are compatible with a 
sublingual thyroid. This child is likely to need thyroxine 
for life 


Fig. 5.3 History: Neonate with congenital hypothyroid- 
ism. Study report: Following administration of 
Pertechnetate, on the left lateral view (left, without mark- 
ers) there are two foci of tracer uptake behind the tongue. 
No tracer uptake is seen in the physiologic thyroid loca- 


tion in the neck (right, with markers). Impression: The 
findings are compatible with foci of functioning ectopic 
sublingual thyroid tissue. This child is likely to need thy- 
roxine for life 
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Case 5.4. Dyshormonogenesis (Fig. 5.4) 
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Fig. 5.4 History: Neonate with congenital hypothyroid- 
ism. Study report: There is high Pertechnetate uptake of 
13.6% (normal range: 0.45—4%) in a normally located 


thyroid gland (left-lateral, right-anterior view) showing 
the usual butterfly shape. Impression: The findings are 
compatible with dyshormonogenesis 
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5.2 Thyroid Scintigraphy 
in Acquired Benign Thyroid 
Disease 


Clinical Indications [8] 


e Determining the cause of abnormal thyroid 


function, both in hyper- and hypothyroidism. 
e Evaluation of goiter. 
e Evaluation of thyroid nodules. 


e Determining the presence of functioning thy- 


roid tissue in a suspected thyroglossal cyst. 
e Suspected thyroiditis. 


e In combination with radioiodine uptake 
(RATU) measurement to calculate the dose for 


radioactive iodine (RAI) therapy. 


Pre-Exam Information 


e Recent values of thyroid function tests (thy- 


roid hormones, TSH, antithyroid antibodies). 
e History of thyroid disease in the family. 


e Medications taken by the child with emphasis 
on thyroid hormones, antithyroid drugs [e.g., 
methimazole (mercaptizol®), propylthiouracil 
(PTU)], and iodine-containing medications 


(e.g., amiodarone)]. 


e History and date of exposure to iodine in IV 
contrast media and iodine-containing antisep- 
tics (e.g., surgical preparation with betadine). 

e History of previous thyroid surgery and RAI 


therapy. 


e History of iodine-rich diets or intake of vita- 


mins or nutritional support products. 


Study Protocol for Thyroid Scintigraphy 


Patient Preparation 
e When possible, it is advised to withhold 
a thyroid scan until the effects of inter- 
fering factors diminish: 
— Discontinue iodine-containing drugs, 
diet, and supplements. 
Iodine-rich foods and supple- 
ments (e.g., seaweed, kelp, and 
sushi): 1 week. 


Radiopharmaceutical, 


Lugol’s solution, Saturated 
Solution of Potassium Iodide 
(SSKI), KI tablets, vitamin/min- 
erals: 1-3 weeks. 
Cough medications and skin 
cleansers containing iodine: 
2—4 weeks. 
IV iodinated contrast: 4—6 weeks. 
Amiodarone: 3—6 months. 
— Discontinue drugs that interfere with 
RAI uptake. 
Methimazole, PTU: 3 days. 
Lithium carbonate: | year (rarely 
used in children). 
In cases of oral RAI administration: fast 
for 1-2 hours prior to and 30 minutes 
after the administration to ensure ade- 
quate absorption. 


Activity, and 


Mode of Delivery. 


Radiopharmaceuticals: 


[°"Tc]Pertechnetate 
readily available. 
[!3I]Na Iodine (I): theoretically the 
best tracer. 

['3'I]Na Iodine (‘*'I): as a rule, it should 
not be used for the evaluation of benign 
thyroid diseases, especially in children. 


(Pertechnetate): 


Activity and mode of delivery: 


Pertechnetate: 1.1 MBq/Kg (0.03 mCi/ 
Kg), minimum 7 MBq (0.19 mCi), max- 
imum 93 MBq (2.5 mCi). 

123]. 

— Administered orally: 3.7-7.4 MBq 
(0.1-0.2 mCi) after a fast of 1 h. 

— Administered IV: 0.28 MBaq/kg 
(0.0075 mCi/kg) minimum 1 MBq 
(0.027 mCi), maximum 11 MBq 
(0.3 mCi). 

ni]; 0.15-0.37 MBq (0.004—0.01 mCi). 

— Administered orally for RAIU mea- 
surements after a fast of 1-2 h. 
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Refer to the EANM pediatric dosage 
card and to the North American con- 
sensus guidelines on radiopharma- 
ceutical administration in children in 
the respective EANM and SNMMI 
and image gently web sites. 

Reference to national regulation guide- 
lines, if available, should be 
considered. 


Acquisition Protocol 


e Collimator: general purpose, high- or 
ultrahigh resolution. 

Pinhole collimator is recommended 
when available. 

e Position: supine, a folded towel under 
the neck to achieve desired extension. 

e The child should be secured to the cam- 
era bed. Arms are down by the side of 
the body. 

e Time of imaging: 
— Pertechnetate: 

administration. 
— !3]: 2-6 hours after oral and 1 hour 
after IV administration. 

e Static scans: anterior, RAO, LAO, and 
anterior “bird’s eye” non-zoomed view. 

e Duration of acquisition: 


20 min after 


— Pertechnetate: 100-200 Kcounts/ 
view. 
— !3]; 50-100 Kcounts/view or 


5-20 min. 

e Matrix 128 x 128 or 256 x 256. 

e 5Co markers should be placed on the 
suprasternal notch, the chin, and any 
palpable thyroid nodule to improve spa- 
tial orientation. 


RAIU Test 


Provides quantitative assessment of RAIU 
values as a diagnostic add-on to thyroid scan 
findings. 

It is required for dose calculation when RAI 
therapy is planned. 
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Can be performed with either !*I or "*'I. 
Typically RAIU is measured with a probe 
detector. 

A second dose with the same activity as the 
one administered to the patient is used as a 
standard. 

RAIU calculation: ratio between background- 
corrected counts in the thyroid and counts in 
the standard. 

Time of measurement: typically at 24 h. 
Earlier measurements at 4—6 h can be per- 
formed as well. 

Normal values: 3-16% at 4 h and 8-25% at 
24 h. 


Study Interpretation (for Thyroid 
Scan and RAIU) [9-14] 


The maximal length of each thyroid lobe 
should be measured serving as a tool to assess 
the size of the gland. 


Suspected hyperthyroidism 


Graves’ disease: demonstrates diffuse thyroid 
enlargement, increased, homogenous tracer 
activity, high RAIU. 

“Toxic” autonomous nodule: intense focal 
uptake and faint, suppressed activity in the 
remainder of the gland. 

Multinodular goiter: appears as several foci of 
increased or decreased tracer activity in the 
thyroid. Some may have mild autonomous 
activity without suppression of uptake in the 
adjacent normal gland tissues. 

Thyroid inflammation such as subacute or 
Hashimoto thyroiditis: various degrees of 
reduced tracer uptake in the gland and reduced 
RAIU. 


Hypothyroidism 


Autoimmune hypothyroidism or secondary to 
prior thyroid ablation: reduced tracer uptake 
and low RAIU. 

Chronic thyroiditis (e.g., Hashimoto): may 
appear as patchy tracer activity in some cases. 
Ectopic autonomous thyroid tissue (rare cases, 
e.g., struma ovarii): reduced tracer activity in 
the thyroid due to TSH suppression. 
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Correlative Imaging [15-17] 


Thyroid US should be correlated for assess- 
ment of gland appearance, presence of nod- 
ules, calcification, and vascularity. 


Red Flags [18, 19] 


Discontinuation of medications in preparation 
for a thyroid scan should be decided in col- 
laboration with the referring physician. 

BII should not be used, in particular, in chil- 
dren, because of the high radiation burden and 
inferior imaging properties related to its high- 
energy gamma emission of 364 kEv and beta 
particle emission which adds to radiation bur- 
den and limits the amount that may be pre- 
scribed, and its relatively long physical 
half-life of approximately 8 days. 

When imaging with a pinhole collimator the 
thyroid should fit within the central two-thirds 
of the FOV to prevent distortion of the gland 
anatomy. 

Some scintigraphic and RAIU findings are 
characteristic of specific entities causing thy- 
roid dysfunction, while others are 
non-specific. 

Small amounts of tracer are excreted in the 
saliva and accumulate in the oropharynx and 
esophagus, mimicking uptake in ectopic thy- 
roid tissue or in a pyramidal lobe. Asking the 
patient to swallow a few sips of water before 
imaging will eliminate activity in the mouth 
and esophagus and help prevent 
misinterpretations. 

Normal RAIU value may depend on the prev- 
alence of iodine in the diet and can vary among 
different geographical locations. 

Normal RAIU in the presence of very low 
TSH levels can still indicate Graves’ disease. 
Thyroid inflammation may cause transient 
hyperthyroidism due to the uncontrolled 
release of thyroid hormones from damaged 
thyroid tissue. 

Inappropriate intake of thyroid hormones 
(thyrotoxicosis factitia) can also cause hyper- 
thyroidism with reduced tracer uptake. 
Reduced uptake in euthyroid patients can be 
due to an iodine-rich diet, to iodine-containing 
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medications/supplements, to IV administered 
contrast agents, to antithyroid drugs and hor- 
monal replacement therapy. 

e Certain processing software can calculate the 
percent tracer uptake in the gland from the 
injected dose. This requires measuring the full 
and empty syringe counts, and placing thyroid 
and background regions of interest. The per- 
cent uptake from injected dose can aid visual 
assessment of the intensity of tracer uptake 
but has not been formally validated and cannot 
routinely replace RAIU with a dedicated 
probe. 


Take Home Message 


e Accurate pre-exam information is essential 
for the correct interpretation of thyroid scans. 

e When available, findings on thyroid scans 
should always be interpreted in conjunction 
with thyroid function tests, pertinent clinical 
findings, and neck US results. 

e The presence of a focal increased or decreased 
tracer uptake seen in the thyroid on a scan and 
suspected to represent a nodule should be ver- 
ified by manual palpation and US of the neck. 

e An anterior “bird’s eye” non-zoomed view 
provides a larger FOV that includes the head, 
neck, and chest, demonstrates the position of 
the thyroid relative to other structures and 
allows detection of an intrathoracic extension 
of the thyroid tissue such as a retrosternal 
goiter. 

e Thyroid nodules are found in approximately 
5-7% of children and young adults. They 
require further evaluation with US-guided fine 
needle aspiration (FNA) regardless of their 
appearance on scintigraphy to exclude 
malignancy. 

e Pertechnetate is preferred in children because 
of the lower radiation burden than !”I which is 
the most physiologic tracer but limited in 
availability and expensive. 

e RAIU measurements and thyroid scan can be 
performed with an oral dose of !”7I. 

e When early RAIU measurements show very 
low or no uptake, there is no need to recall the 
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patient for a 24-hour measurement the next 
day. 

e A significant drop between the early and late 
measurements is characteristic of high iodine 
turnover in the thyroid. 

e In practice, the use of '*I is not a necessity 
unless a perchlorate discharge test is planned 
or when used orally for a combined thyroid 
scan and RAJU measurement. 

e When available, '“I is highly preferable to '*'I 
due to the lower radiation exposure and 
improved image quality. 

e The study report should include: 

— Medical history, thyroid function tests, 
medications, dietary supplements, other 


LAO 


68.6 mm 
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factors that could affect the scan and RAIU 
results. 

— Size and structure of the gland, homogene- 
ity and intensity of tracer activity, uptake in 
ectopic locations (e.g., pyramidal lobe and 
thyroglossal cyst). 

— Presence and type of thyroid nodules (hot, 
cold, warm) their location and correlation 
with manual palpation findings and US 
results. 


Representative Case Examples 


Case 5.5. Graves’ Disease (Fig. 5.5) 


RAO 


62.7 mm 


anterior 


Fig. 5.5 History: A 13-year-old girl presented with heat 
intolerance, excessive perspiration, tachycardia, palpita- 
tions, increased appetite, and weight loss. Thyroid func- 
tion tests showed a barely measurable plasma TSH of 
0.008 mIU/L (normal range 0.51-4.0 mIU/L), highly ele- 
vated levels of FT4 70 pmol/L (normal range 10.7— 
18 pmol/L) and T3 > 30 pmol/L (normal levels 
3.5-6.5 pmol/L). Physical examination revealed a large 
goiter. A Pertechnetate thyroid scan was requested to 
determine the cause of her overt hyperthyroidism. Study 


report: Anterior, LAO and RAO pinhole views (top row) 
and anterior parallel-hole collimator “bird’s eye” view 
with size measurements (bottom row) show a markedly 
enlarged thyroid gland, right lobe larger than left, with 
intense, homogenous tracer activity. The percent tracer 
uptake from the injected dose of Pertechnetate is mark- 
edly elevated, 30%. Impression: The findings are consis- 
tent with Graves’ disease. The girl was treated with beta 
adrenergic antagonists and methimazole with gradual 
clinical and biochemical improvement 
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Case 5.6. Autonomous Adenoma (Fig. 5.6) 


anterior 


parallel hole collimator 


Fig. 5.6 History: A 16-year-old girl complained of 
fatigue, weakness and headaches for several months. Her 
lab results showed low TSH levels, normal FT4 and 
mildly elevated T3. Physical examination revealed a nod- 
ule in the right thyroid lobe. Neck US demonstrated a 
2.7 x 1.5 cm solid nodule in the lower pole of the right 
thyroid lobe. Study report: A Pertechnetate thyroid scan, 
anterior view with a parallel-hole collimator (left) and 
anterior pinhole image (right) show intense tracer uptake 
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anterior 


pinhole collimator 


in the lower part of the right thyroid lobe, at the location 
of the known nodule. The remainder of the right lobe and 
the entire left lobe show only very faint tracer activity. 
Impression: The findings are consistent with an autono- 
mous thyroid adenoma suppressing tracer uptake in the 
normal gland. FNA showed colloid, groups of follicular 
cells and scattered follicular and microfollicular struc- 
tures with minor atypia. The patient underwent surgical 
resection of her right thyroid lobe 
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5.3 Thyroid Cancer Imaging 
Clinical Indications [20-25] 


e Post-thyroidectomy: using either !7I or ™!I, 
depending on availability, diagnostic whole- 
body scan and 24-hour neck RAIU performed 
at 6-12 weeks post-surgery and Tg measure- 
ments. While the American Thyroid 
Association (ATA) guidelines suggest this for 
intermediate- and high-risk groups, many 
pediatric centers perform it in all risk groups 
[24]: 

— To determine the presence and extent of 
residual functioning thyroid tissue. 

— To determine the need and dose of RAI for 
ablation of remnant thyroid tissue. 

— To determine the need and dose of RAI for 
treatment of metastatic or recurrent 
disease. 

e After RAI therapy: Using either '”I or ''I, 
depending on availability: 

— Surveillance. 

— To detect the presence and location of 
residual cancer, recurrence and/or 
metastases. 

e FDG can be used in cases with suspected 
recurrence because of rising Tg and negative 
RAI imaging (for doses, acquisition protocol, 
and study interpretation, see Chap. 12). 


Pre-Exam Information [26, 27] 
e Discontinue iodine-containing drugs and diet: 
— Iodine-rich foods and supplements (e.g., 
seaweed, kelp, and sushi): 1 week. 
— Lugol’s solution, SSKI, KI tablets, vita- 
min/minerals: 1—3 weeks. 
— Cough medications and skin cleansers con- 
taining iodine: 2-4 weeks. 
— IV iodinated contrast: 4-6 weeks. 
— Amiodarone: 3—6 months. 
e Discontinue drugs that interfere with RAI 
uptake. 
— Lithium carbonate: 1 year (rarely used in 
children). 
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Confirm adequate TSH levels: 30 mIU/L or 
higher (measured 1-3 days before RAI 
administration). 


Study Protocol for Imaging Pediatric Thyroid 
Cancer [25, 27, 28] 


Patient Preparation. 
Methods to reach these TSH levels: 


e Thyroid hormone withdrawal: 
— Levothyroxine (1-T4) deprivation for 
4 weeks. 
— Alternative: change to triiodothyro- 
nine (T3) for 4 weeks, followed by 
T3 discontinuation for 2 weeks 
before RAI scintigraphy. 
e Recombinant human TSH (rhTSH) 
stimulation. 
— No need to stop thyroid hormone 
treatment. 
— Day 1 and 2: intramuscular injection 
of 0.9 mg rhTSH. 
— Day 3: administration of RAI. 
— Day 4: imaging with '“I. 


On the day of the examination: 


e Fast for 2 hours prior to tracer adminis- 
tration and continue for 1-h 
post-administration. 

e Instruct the patient to drink water prior 
to imaging to clear physiologic activity 
remaining after RAI has been 
swallowed. 


Radiopharmaceutical, Activity, and 
Mode of Delivery 
Radiopharmaceuticals: 


e [!3I]Na Iodine (I) oral solution/ 
capsule 

e ['I]Na Iodine (''I) oral solution 
capsule 

¢ ['SF]-Fluorodeoxyglucose (FDG). 


Thyroid 


Activity: 


[!3I]Na Iodine in adults: 37-74 MBq 
(1-2 mCi). 
[/#I]Na Iodine in adults: 37-148 MBq 
(1-4 mCi). 
['SFJFDG: 3.7-5.2 MBq/kg (0.1- 
0.14 mCi/kg) minimum 26 MBq 
(0.7 mCi). 

There is no consensus regarding 
weight-based administration of these 
tracers in children. 

Reference to national regulation 
guidelines, if available, should be 
considered. 


Acquisition Protocol 


Diagnostic scan: 
1237 


Collimator: low energy or medium 
energy. 

Time of imaging: 6-24 h after RAI 
administration. 

15-20% window centered on 159 keV 
photopeak. 


131] 


Collimator: high energy. 

15-20% window centered on the 364- 
keV photopeak. 

Time of imaging: 24-72 h after RAI 
administration. 

The use of radioactive markers in the 
neck allows the differentiation between 
uptake in remnant thyroid tissue, sali- 
vary glands, or lymph node metastases. 


Post-therapy scan. 
131] 


Time of imaging: 4-7 days post RAI 
therapy. 
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Acquisition parameters: 


e Patient positioning: supine with neck in 
slight extension. 

e Whole-body (vertex to mid-thigh) 
8—10 cm/min, matrix 256 x 1024. 

e Spot images (head, neck, chest, abdo- 
men): 10 min/view, matrix 256 x 256 
can replace or be added to whole-body 
imaging. 

e SPECT or SPECT/CT with non-contrast 
CT, when available, can increase the 
accuracy and diagnostic confidence of 
the test. 

— FOV: skull base-to-upper abdomen 
to evaluate for cervical, upper medi- 
astinal, and pulmonary metastatic 
disease. 

— 20 sec/step, 64 projections, matrix 
128 x 128; iterative reconstruction. 


Study Interpretation [29] 


Physiologic activity is seen in the stomach, 
large intestines, and bladder and of low inten- 
sity in the liver and salivary glands. 

False positives can occur due to pooling of 
excreted activity in sites including saliva in 
mouth or esophagus, uptake in salivary glands, 
thymus, ectopic thyroid, and inflammatory 
foci. 

False negatives can be caused by inadequate 
patient preparation. 

Star artifacts can be seen as marked streaks 
going in multiple directions from an area with 
intense tracer activity. 


Correlative Imaging 


Correlation with US of the neck for assess- 
ment of remnant thyroid tissue as well as for 
diagnosis and localization of enlarged regional 
lymph nodes prior to FNA. 

Correlation with chest CT (without iodinated 
contrast if '*'I therapy is considered) to evalu- 
ate for pulmonary metastases. 
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Red Flags 


Some centers use lower !*'I doses, 37-74 MBq 
(1-2 mCi), for diagnostic scans in order to 
reduce the risk of stunning if treatment is 
considered. 

Adjustment of brightness and contrast on the 
display monitor of the workstation is standard 
for appropriate interpretation of whole-body 
studies. 

Star artifacts can appear in areas with intense 
tracer activity. They occur because of penetra- 
tion of photons through the collimator septae, 
due to a very large flux of photons and/or due 
to penetration of high-energy photons. 
External contamination can be due to spilled 
tracer activity onto clothes, skin, or 
collimator. 

Up to 7% of patients with thyroid cancer have 
remnant thyroid tissue, and 25% have metas- 
tases seen only on the ™!I scan performed 
3 days post-therapy. 

Additional RAI-avid foci will be detected 
only on the seventh day of study in approxi- 
mately 10% of remnant thyroid tissue foci and 
in 30% of metastatic lesions. 


Take Home Messages 


Performing two post-therapy scans can be dif- 
ficult. The decision for a repeat scan should be 
made after the initial scan, in cases it is nega- 
tive, and the patient’s Tg is “positive,” or if 
there is clinical or other imaging evidence of 
metastases. The delayed scan should attempt 
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to identify the site of the elevated Tg or to 
define whether the structural abnormality is 
RAI-avid. 

For !I there is better lesion detectability on 
images at 24 hours since in early studies, per- 
formed after 6 h, there is still high blood pool 
and background activity. 

For I there is better lesion detectability on 
diagnostic images performed at 48-72 h. In 
24-h studies, images may not have clearly 
defined activity, and repeat acquisition may be 
needed to improve the target-to-background 
ratio. 

Static spot images are, as a rule, superior to 
computer integrated whole-body acquisitions 
obtained from moving detectors since they are 
often obtained following a longer acquisition 
time, thus resulting in better image quality. 
They also have the advantage of repeating 
only a shorter time acquisition if the child 
moves. 

Focal increased activity in the thyroid bed can 
be related to remnant thyroid tissue, to small 
tracer amounts excreted onto the floor of the 
mouth or esophagus, or malignant lesions such 
as metastatic lymph nodes. SPECT/CT can 
help distinguish between these options [30]. 


Representative Case Examples 
Case 5.7. Post-Therapy '"I Study (Fig. 5.7) 


Case 5.8. Papillary Thyroid Cancer, Lung 
Metastasis (Fig. 5.8) 
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w 
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Fig. 5.7 History: A 9-year-old girl had a right thyroid 
lobe resection followed by complete thyroidectomy for 
follicular thyroid cancer. Study report: on the post-surgery 
123] thyroid scan (a) there are RAI-avid foci with 3% resid- 
ual tracer uptake in the neck, more in the left lobe of the 
thyroid. Repeat surgery was performed only on the left 
side neck because of a significant amount of scar tissue on 
the right side. The patient then received a 1110 MBq 
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ANT POST 

(30 mCi) ablative dose of '"°'I and was referred for a post- 
therapy whole-body scan (b). This study shows a focus of 
increased tracer uptake in the right neck, corresponding to 
the known remnant thyroid tissue in the right lobe. No 
additional lesions are seen. Note also physiologic RAI 
activity in the GIT, mainly the stomach and bowel, and the 
urinary bladder, and salivary glands. Impression: No evi- 
dence of metastatic thyroid cancer 


Fig.5.8 History: A 6-year-old girl presented with a right- 
sided neck mass and underwent thyroidectomy. A 4-cm 
papillary carcinoma with extrathyroidal extension and 
lymph node involvement was found. Study report: The !*1 
post-thyroidectomy scan (a, whole-body anterior and pos- 
terior views, b, pinhole images of the neck) revealed sev- 
eral foci of remnant thyroid tissue in the neck as well as a 
focal area of tracer uptake in a left lung nodule as demon- 
strated on SPECT/CT (c), consistent with a RAI-avid left 
lung metastasis. The patient received a therapeutic dose of 


3663 MBq (99 mCi) '*'1. Post-therapy '*'I whole-body (d) 
and pinhole images of the neck (e) show the same findings 
seen on the pretreatment scan. Note also the large amount 
of physiological RAI excreted into the urinary bladder. A 
surveillance '7I follow-up study including a whole-body 
(f) and pinhole neck scan (g) performed 1 year after RAI 
treatment shows resolution of the previously seen foci of 
increased RAI activity in the neck and in the left lung 
metastasis. There are no new areas of abnormal RAI 
uptake. Impression: No evidence of thyroid cancer 
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Case 5.9. Dedifferentiated Non-RAI-Avid, 
FDG-Avid Thyroid Cancer (Fig. 5.9) 


Fig. 5.9 History: A 14-year-old girl presented with a 
right thyroid nodule. US-guided FNA diagnosed papillary 
thyroid cancer. The patient underwent thyroidectomy and 
lymph node dissection. Right cervical lymph node metas- 
tases were found. Study report: A 'I whole-body scan 
performed after surgery was negative (a). The patient 
received RAI treatment with 3440 MBq (93 mCi) "'I. No 
sites of disease were found on a post-therapy scan (not 
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shown). Six months later, the patient presented with rising 
Tg levels and suspicious cervical nodes on US. Because of 
known non-RAI-avid disease, the patient was referred to 
FDG-PET/CT (b) which shows a focal area of tracer 
uptake in the right upper cervical region. Impression: The 
findings are consistent with right cervical lymph node 
metastasis, further confirmed following lymph node 
dissection 
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6.1 Gastroesophageal Reflux 


Scintigraphy (“MILK SCAN”) 
Clinical Indications [1, 2] 


GER scintigraphy, is a sensitive, noninvasive, 
physiologic, direct technique indicated to detect 
GER and possible pulmonary aspiration in chil- 
dren with: 


e Signs and symptoms suggesting gastroesoph- 
ageal reflux disease (GERD). 

e Recurrent lower respiratory tract infections. 

e Recurrent vomiting. 

e Failure to thrive. 

e Apparent life-threatening events (ALTE). 
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Pre-Exam Information 


Feeding route: Orally, through nasogastric 
(NG) or permanent gastric tube. 

Volume and composition of a regular meal. 
Does the child have a milk allergy? 

Barium study performed in the previous 48 h? 


Study Protocol for GER Test (“Milk Scan”) [3] 


Patient Preparation: 

e Older children: 4-6 h fast 

e Young infants: The study should be 
scheduled to replace a normal feeding, 
assuming the infant is fed every 3—4 h. 

e Bring a feeding bottle with the child’s 
regular meal such as cow milk, expressed 
breast milk, milk-based formula, and an 
additional empty bottle. 

e Children allergic or intolerant to milk: 
orange juice or other liquid meal substi- 
tutes can be used. 

Radiopharmaceutical, Administered 

Activity, Mode of Delivery 


Radiopharmaceutical: 
o [°™Tc]sulfur colloid (SC)—is 
recommended. 


e Alternative: [°"Tc]Sn colloid, [Tc] 
phytate. 
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Activity: 


A fixed dose of 9.25 MBq (0.25 mCi) 
for SC is recommended by the 
SNMMI. The EANM pediatric dose 
card uses patient weight to calculate the 
dose. 
Refer to the EANM pediatric dosage 
card and to the North American consen- 
sus guidelines on radiopharmaceutical 
administration in children in the respec- 
tive EANM and SNMMI and image 
gently web sites. 

Reference to national regulation 
guidelines, if available, should be 
considered. 


Mode of Delivery—Feeding the Child: 


Added to 1/3—1/2 of the normal milk or 
formula feeding volume. 

Introduce this labelled portion to the 
stomach by oral feeding or, in children 
with feeding difficulties, through a NG 
tube (to be removed after feeding) or 
through an existing gastric tube. 
Continue feeding from a separate bottle 
containing the remaining non-labelled 
portion of the meal. 

The total meal volume should be similar 
to the volume the child is given for regu- 
lar meals. 

Ideally, feeding should be completed 
within 10-15 mins. 

When possible, young infants should be 
burped before imaging. 

Placing disposable absorbent sheets 
lined on one side with plastic material 
over the neck, chest, and abdomen can 
contain potential contamination. 


Acquisition Protocol: 


Position: Supine. 
Posterior views with the detector behind 
the patient. 
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e Field-of-view (FOV): Chest and upper 
abdomen. 
e Acquisition parameters: 

— Posterior dynamic images for 
60 mins, 10-30 s/frame, matrix 
128 x 128. 

— l-h static anterior and posterior 
views of the chest, immediately after 
dynamic study, for an acquisition 
time of 3—5 mins, matrix 256 x 256. 

— 2-4 h static anterior and posterior 
views of the chest, after completion 
of the meal, for an acquisition time of 
3-5 mins, matrix 256 x 256. 

— 24-h static images can be obtained as 
well. 

— Markers placed over suprasternal 
notch and xiphoid and/or °’Co trans- 
mission image of the thorax can be 
used to improve orientation and help 
determine the reflux level and to ade- 
quately localize ectopic activity over 
the chest. 


Study Interpretation 


e New appearance of tracer activity in the 
esophagus indicates an episode of GER. 

e If reflux is detected the following parameters 
should be recorded: 

— Number of episodes. 

— Level of reflux: proximal or distal esopha- 
gus, oropharynx. 

— Intensity of reflux: mild, moderate, severe. 

— Volume of reflux: can be calculated by 
drawing a region-of-interest (ROI) over the 
activity in the esophagus and over the 
activity in the esophagus and stomach. 

e Estimate the residence time of the GER by 
dividing the number of frames showing tracer 
activity in the esophagus by the total number 
of frames. 
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Tracer localization in the tracheobronchial 
tree or in the lung parenchyma can be sugges- 
tive of pulmonary aspiration. 

Including the stomach in the FOV allows cal- 
culation of “milk based” gastric emptying 
(GE) rates. 

Visual inspection can be aided by creating a 
time-activity curve (TAC) from a ROI placed 
over the esophagus. 


Correlative Tests and Imaging 


Extended esophageal pH monitoring: 

— Requires placement of a transnasal pH 
catheter into the esophagus to measure the 
pH over 24 h. 

— Extended monitoring provides an accurate 
estimation of the residence time of gastric 
content in the esophagus. 

— A drop in esophageal pH below 4 is sug- 
gestive of an acid reflux episode. 

— Limitations: invasive nature; inability to 
detect episodes of nonacidic reflux which 
have been associated with several pulmo- 
nary manifestations of GERD. 

— Intraluminal esophageal electrical imped- 
ance electrodes placed on a NG tube detect 
both acidic and nonacidic retrograde flow 
in the esophagus and are often coupled 
with esophageal pH monitoring thus 
increasing the sensitivity of the study. 

Barium contrast radiography: 

— It is less sensitive in detecting reflux epi- 
sodes and pulmonary aspiration. 

— Itcan show anatomical conditions that pro- 
duce symptoms similar to GERD (pyloric 
stenosis, malrotation, etc.). 

— It can assess GER complications such as 
esophagitis and esophageal strictures. 


Red Flags 


Extra care should be taken to avoid external con- 
tamination due to spillage of labelled milk dur- 
ing feeding or due to vomiting or regurgitation. 
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e The continuation of feeding with the non- 
labelled portion of the meal plays an impor- 
tant role by clearing residual tracers from 
the oropharynx and esophagus prior to 
imaging. 

e A child with feeding difficulties should be fed 
using a NG tube. 

e If the child is fed through a naso-jejunal tube 
this should be replaced by a NG tube prior to 
the study. 

e Posterior views with the detector behind the 
patient are less intimidating to the children, 
allowing them to comfortably communicate 
with their parent/caregiver or staff during 
acquisition. 

e Reflux episodes appear as sharp peaks. Patient 
motion can introduce significant errors in this 
analysis. 

e This study has a low detection yield for the 
detection of aspiration. Contamination arti- 
facts over the lungs can be erroneously inter- 
preted as pulmonary aspiration or prevent 
detection of such aspiration. 

e GER scintigraphy can also diagnose gastric 
dysmotility providing the stomach is included 
in the FOV. 


Take Home Messages 


e GER scintigraphy is a low dose, simple, sensi- 
tive, and physiologic study that can diagnose 
all three related conditions: GER, pulmonary 
aspiration, and gastric dysmotility. 

e SC is not absorbed by the GI or pulmonary 
mucosa and remains stable in the acidic 
medium of the stomach. 

e Scintigraphy, with its long imaging time, can 
help diagnose GER, an intermittent 
phenomenon. 

e Static images performed at 1 and 2 h, and 
potentially 24 h after administration of the 
radioactive meal aim to detect subtle 
pulmonary aspiration that was not evident in 
the early, dynamic images. 
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Representative Case Examples 


Case 6.1. Severe Gastroesophageal Reflux 
Disease (Fig. 6.1) 
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Fig. 6.1 History: An 8-year-old child with Trisomy 21 
and Moya-Moya disease. Aspiration was noted on a 
recently modified barium swallow test. A milk scan was 
performed to assess for GER after administration of 
18 MBq [Tc]Sn colloid in a volume of feed of 230 ml 
given through a nasogastric tube which was removed 
before the reflux search. Study report (only the frames 


A. Brink et al. 


1: 175-176 
14:30 -14:40 


1 : 177-178 
14:40 -14:50 


1: 179-180 
14:50 -15:00 


€: e. e. 


av ` 


1 : 187-188 
15:30 -15:40 


1 : 189-190 
15:40 -15:50 


1: 191-192 
15:50 -16:00 


e. @: &: 


1 : 199-200 1 : 201-202 1 : 203-204 
16:30 -16:40 16:40 -16:50 16:50 -17:00 
a: a. s 
“p *y R 
1:211-212 1: 213-214 1: 215-216 
17:30 -17:40 17:40 -17:50 17:50 -18:00 


i t 


e a. 


recorded from 14 to 18 mins are shown): Reflux reaching 
the proximal esophagus is seen on most of the 360 frames 
recorded during the observation period. The longest reflux 
lasts 170 s. The refluxes contain up to 9 and 11% of total 
activity. Impression: The findings are consistent with very 
severe GER 
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Case 6.2. Pulmonary Aspiration (Fig. 6.2) 


Riat 


Fig. 6.2 History: A 12-year-old boy with spastic cerebral 
palsy and failure to thrive presented with swallowing dif- 
ficulties. A GER study was performed to assess if GERD 
was the cause for his failure to thrive. The tracer and a 
milk-based meal were given orally. Study report: Multiple 
refluxes were observed during the GER study that fre- 
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posterior 


quently reach buccal level (not shown). Posterior static 
images recorded at the end of the reflux search (left) and 
at 2 h after tracer administration (right), demonstrate a 
large amount of tracer activity in the bronchial tree 
(arrows), more on the right. Impression: The findings are 
consistent with pulmonary aspiration 
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6.2 


Gastric Emptying 


Clinical Indications [4] 


Determination of the gastric emptying rate in 
children with suspected gastric dysmotility: 
— Solid GE is considered more reliable and is 


the preferred study in older children and 
adolescents. 

Liquid GE (better referred to as a semisolid 
meal), mostly milk based, is the only study 
that can be performed in infants and young 
children. 


Pre-Exam Information 

History of food allergies, especially to milk or 
eggs. 

Feeding route: orally, NG tube, permanent 
gastric tube. 

Medications: some drugs such as proton pump 
inhibitors can affect GE. 

The referring physician should be consulted 
on whether the gastric motility should be 
assessed with or without medication intake. 


Study Protocol for Liquid Gastric Emptying 
Test [1, 4, 5] 


Patient Preparation: 


Older children: 4—6 h fast. 

Infants and young children: 

— Plan the study to replace scheduled 
feeding (assuming the infant is fed 
every 3—4 h). 

— Bring the child’s regular meal (cow 
milk, human milk, milk-based for- 
mula) in his/her regular feeding bot- 
tle and an additional empty bottle. 


Radiopharmaceutical, Administered 

Activity, Mode of Delivery 

Radiopharmaceutical: 

o [°™Tc]sulfur colloid (SC)—is 
recommended. 


Alternative: "Tc]Sn colloid, [Tc] 
phytate. 
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Activity: 

e A fixed dose of 9.25 MBq (0.25 mCi) 
for SC is recommended by the 
SNMMI. The EANM pediatric dose 
card uses patient weight to calculate the 
dose. 

e Refer to the pediatric dosage card and to 
the North American consensus guide- 
lines on radiopharmaceutical administra- 
tion in children in the respective EANM 
and SNMMI and image gently web sites. 

Reference to national regulation 
guidelines, if available, should be 
considered. 


Mode of Delivery: 

e Added to 1/3-1/2 of the normal milk or 
formula feeding volume. 

e Introduce this labelled portion to the 
stomach by oral feeding or, in children 
with feeding difficulties, through a NG 
tube (to be removed after feeding) or 
through an existing gastric tube. 

e Continue feeding from a separate bottle 
containing the remaining non-labelled 
portion of the meal. 

e The total meal volume should be similar 
to the volume the child is given for regu- 
lar meals. 

e Ideally, feeding should be completed 
within 10-15 mins. 

e When possible, young infants should be 
burped before imaging. 

e Placing disposable absorbent sheets 
lined on one side with plastic material 
over the neck, chest, and abdomen can 
contain potential contamination. 

e Older children allergic or intolerant to 
milk: orange juice or other liquid meal 
substitutes can be used. 


Acquisition Protocol: 

Liquid gastric emptying—GE with milk or 
formula is often performed simultaneously 
with evaluation of GER. 
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Acquisition Parameters: 

e Position: supine, secured to the imaging 
bed. 

e FOV: should include the abdomen. If 
possible, the chest should be in the FOV 
when the study is also performed to 
evaluate GER. 

e Acquisition parameters: 

e Posterior view. 

e Dynamic images for 60 mins, 10-30 s/ 
frame, matrix 128 x 128. 

e Static images at 1 and 3 h, matrix 
256 x 256. 

e Older children: anterior and posterior 
1-, 2-, and 4-h static images of the stom- 
ach and chest over 3—5 mins, matrix 
256 x 256. 

e Infants: posterior images only at 1 and 
3h. 


Study Processing and Interpretation 
[6-8] 


Percent GE values are calculated by placing 
separate ROIs over the stomach and bowel 
activity and further dividing the bowel counts 


by the sum of the gastric and bowel counts. 


Normal reference values for liquid GE in 
infants and young children up to 5 years old 
are not defined but “pseudo”-normal values 
derived retrospectively from a large study 


group of children are currently used [8]. 


Normal liquid GE was defined retrospec- 
tively as >50% at 1 h and > 80% at 3 h 


post-feeding. 


Study Protocol for Solid Gastric Emptying 
Test [1, 4, 5] 


Patient Preparation: 

e Older children: 4—6 h fast. 

e Young children: plan the study to 
replace scheduled feeding (assuming 
the infant is fed every 3—4 h). 

Radiopharmaceutical, Administered 

Activity, Mode of Delivery 


Radiopharmaceutical: 
o [°™Tc]sulfur colloid (SC)—is 
recommended. 


e Alternative: "Tc]Sn colloid, [Tc] 
phytate. 


Activity: 

e A fixed dose of 9.25 MBq (0.25 mCi) 
for SC is recommended by the 
SNMMI. The EANM pediatric dose 
card uses patient weight to calculate the 
dose. 

Refer to the pediatric dosage card 
and to the North American consensus 
guidelines on  radiopharmaceutical 
administration in children in the respec- 
tive EANM and SNMMI and image 
gently web sites. 

Reference to national regulation 
guidelines, if available, should be 
considered. 


Mode of Delivery: 

e The standard meal used for adults can 
be adapted for pediatric studies: 
— 120 grams of egg white 
— 2 toasted slices of white bread 
— 30 grams of strawberry jam 
— 120 ml of water 

e Alternative (in cases of egg allergy or 
intolerance): meal based on bran, pud- 
ding, chocolate crispy cake, yogurt, 
cheddar cheese. 
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Acquisition Protocol: 

e The adult protocol for solid gastric emp- 
tying should be used when possible. 

e Static upright anterior and posterior 
views of the upper abdomen are 
acquired for | min at: time 0 (immedi- 
ately) and at 1, 2, 3, and 4 h after meal 
ingestion. 


Study Processing and Interpretation 
[6-8] 


GE measurements are based on gastric counts 
derived from the geometric mean of anterior 
and posterior | min static images in the upright 
position. 

Normal values of residual stomach activity at 
1, 2, 3, and 4 h with a standard solid meal are 
available for adults. These values were vali- 
dated in a large group of pediatric patients, 
and it has been shown that these criteria can be 
applied to pediatric patients. 

These values are: 

— 37-90% at 1 h 

— 30-60% at 2h 

Less than 30% at 3 h. 

Less than 10% at 4 h. 


Correlative Imaging 


GE scintigraphy is the gold standard for the 
assessment of functional abnormalities in gas- 
tric motility. 

Upper GI endoscopy can assist in excluding 
other causes of motility disorders such as 
esophagitis, gastritis, or masses. 
Conventional radiologic imaging techniques 
are used for the evaluation of anatomical mal- 
formations that cause motility disorders. 
Barium contrast radiography specifically is 
used to exclude anatomical abnormalities 
which could mimic functional abnormalities 
such as malrotation, stenoses, etc. 
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Red Flags 


Meal standardization is essential for the 
scintigraphic evaluation of GE as well as for 
any meaningful comparison of follow-up 
studies. 

The most stable label is achieved by cooking 
the radiopharmaceutical with egg whites. 
Cooking with whole egg results in lower 
labelling stability. 

Alternative meals given to children with egg 
allergy or intolerance are less standardized 
and the labelling stability may be significantly 
lower. 

If vomiting occurs during the study, the calcu- 
lated gastric residuals may be inaccurate. 

In infants posterior views are sufficient 
because of the small body habitus. They are 
more comfortable and allow easy access to 
technologists and caregivers. 

In older children, acquisition of both anterior 
and posterior views allows for a more precise 
assessment of gastric activity from the geo- 
metric mean of counts obtained in both 
images. 

The images should be scrutinized for patient 
motion. If present, the gastric ROI may be 
inaccurate and include activity originating 
from adjacent bowel loops. Applying motion 
correction can resolve this issue. For static 
images, it is advised to draw a separate gastric 
ROI for each image. 


Take Home Messages 


GE with milk or formula is often performed 
simultaneously with an evaluation of GER. 
Meal standardization is essential. 

The most commonly used quantitative value is 
the gastric residual activity which can be eas- 
ily calculated by dividing the decay corrected 
counts within a gastric ROI at specific time 
points by the initial gastric counts at the start 
of the acquisition. 

Solid GE is more standardized and reliable 
and should be used when possible. 
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e “Pseudo” normal reference values for liquid 
gastric emptying in children younger than 
5 years were recently established, derived ret- 
rospectively from a selected group of over 2000 
children without risk factors for gastric dys- 
motility who underwent GER scintigraphy. 
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Representative Case Examples 


Case 6.3. Delayed Gastric Emptying (Fig. 6.3) 
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Fig. 6.3 History: A 22-month-old girl with repeat epi- 
sodes of regurgitation and vomiting was referred for eval- 
uation. The patient was fed orally with 230 cc of milk 
formula labelled with Tc-sulfur colloid. Study report: 
Posterior view dynamic images obtained for 60 mins (a) 
demonstrate marked retention of tracer in the stomach. 


Static images obtained at | h (b) and 4 h (c) after comple- 
tion of feeding show significant gastric residual activity. 
The gastric residue from the initial gastric activity was 
86% at 60 mins and 44% at 4 h. Impression: These find- 
ings suggest delayed gastric emptying 
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6.3 Esophageal Transit Studies 


Clinical Indications 


Visual detection and quantitative evaluation of 


esophageal transit abnormalities. 


Study Protocol for Esophageal Transit 
Studies [1] 


Patient Preparation: 

e Plan the study to replace scheduled 
feeding (assuming the infant is fed every 
3-4 h). 

e Bring the child’s regular meal (cow 
milk, human milk, milk-based formula) 
in his/her regular feeding bottle and an 
additional empty bottle. 

Radiopharmaceutical, Administered 

Activity, Mode of Delivery 


Radiopharmaceutical: 
e [%™Tc]Sn-colloid or 
colloid. 


[°"Tc]sulfur 


Activity: 

e A fixed dose of 9.25 MBq (0.25 mCi) for 
SC is recommended by the SNMMI. The 
EANM pediatric dose card uses patient 
weight to calculate the dose. 

Refer to the pediatric dosage card 
and to the North American consensus 
guidelines on  radiopharmaceutical 
administration in children in the respec- 
tive EANM and SNMMI and image 
gently web sites. 

Reference to national regulation 
guidelines, if available, should be 
considered. 


Delivery: 

e A small volume (2.5—5 ml) of the feed is 
labelled and given to the patient with a 
syringe. 
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Acquisition Protocol: 

e The study is performed with the detector 
upright. 

e The child drinks the activity on the par- 
ent’s/caregiver’s lap with the back 
against the camera, so the esophagus is 
viewed from the left posterior oblique 
position. 

e Acquisition parameters: dynamic study, 
0.5 s/frame, 120 frames, matrix 
128 x 128. 

e Take care to keep the child still during 
the acquisition. 


Study Interpretation 


Review the raw data in planar and cine 
format. 

The raw data is then converted to a condensed 
image (Fig. 6.4). 


Normal Transit Study 


The normal transit time of activity through the 
entire esophagus is less than 3 s. 

With most swallows, there is a transient hold- 
up of activity at the level of the gastroesopha- 
geal junction (GEJ) which should decrease 
from a maximum of 4 s for swallow initiated 
during the first 4 s of the study to less than 
0.5 s after 12 s. 

A hold-up of less than 2 s is considered 
normal. 


Common Pathological Patterns 


Hold-up in the proximal esophagus, at the cri- 
copharyngeal level, with prolonged initiation 
of swallowing: can be found in children with 
neurological abnormalities. 

Hold-up high in the esophagus with slower 
transit distal to the stricture: can indicate 
esophagitis due to causes other than GER or to 
the presence of anatomical abnormalities 
(e.g., aberrant pulmonary artery, repaired tra- 
cheoesophageal fistula, esophageal stricture). 
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Fig. 6.4 Condensed image in a study with normal esoph- image frames are arranged sequentially to form the con- 
ageal transit. Image (a) illustrates how the raw data ofa densed image. The condensed image makes it easier to 
single image of the dynamic series are compressed into a assess the transit of activity through the esophagus from 


single column of the condensed image. Image (b) illus- the mouth to the stomach 
trates how the summed columns of each of the dynamic 


Hold-up at more distal esophageal levels with 
succeeding swallows or slowing of each suc- 
cessive swallow may be seen in: 

Prematurity. 

Transient over the first 3 months. 

In children who are developing cerebral palsy 
or those with low muscle tone such as in case 
of Trisomy 21 or myopathy. 

Severe “general” illnesses such as malnutri- 
tion, cardiac diseases with poor stamina, and 
respiratory distress. 

Hold-up at the same level with multiple swal- 
lows proximal to the GEJ: may be consistent 
with esophageal spasm secondary to reflux 
esophagitis. 


Correlative Imaging 


Modified Barium swallow if available may 
provide useful additional information on the 
different phases of swallowing. 


Red Flags 


Residual buccal activity in a child with a poor 
sucking reflex can make interpretation of a 
transit study very difficult. 

Contamination frequently occurs since chil- 
dren spit out the activity or drool during the 
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study. Placing paper towels under the child’s 
chin allows the technologist to quickly remove 
contamination during study acquisition. 
Identifying contamination is crucial as it can 
be mistaken for “hold-up,” particularly on the 
condensed image. 

To prevent artifacts on the condensed image 
the technologist should ensure that the activity 
in the bottle/ syringe does not move in front of 
or below the child’s mouth or anterior to the 
patient’s neck or chest. Always move the 
activity vertically down to and up from the 
mouth. 


Take Home Message 


e The clinical differential diagnosis between a 


severe esophageal transit abnormality and 
GER is difficult. 

Esophageal transit studies are easy to perform 
and give valuable information regarding pos- 
sible esophageal dysmotility or GER. 

If a child has been fed via a NG tube for a 
prolonged period, a transit study should be 
avoided, and the child should rather be 
given the feed for the reflux study via the 
NG tube. 
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Representative Case Examples 


Case 6.4. Normal Esophageal Transit Study 
(Fig. 6.5) 


a ano ~ ~ > 
~ z z = a vt a A 
4 
j } } 3 
LA x = Q 
al . w al 
nm a w © 
v - v A 
= w ™ 
b E & o 
b 
Å 
I 


Fig. 6.5 History: A 9-month-old baby was repeatedly 
admitted to the hospital with recurrent chest infections and 
pneumonia over the last 5 months. The transit study was 
performed as a precursor to the GER study. Study report: 
There is rapid progression of tracer activity from the mouth 
to the stomach with all observed swallows (a). In con- 
densed image (b), the black horizontal line at the top of the 
image represents the mouth and bottle, which both clear of 
activity after the first few frames. The horizontal line at the 
bottom of the image represents activity in the stomach and 
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only appears after a few frames. The vertical lines between 
the two horizontal lines are the swallows, each line corre- 
sponding to a single swallow. These lines are nearly vertical 
as you would expect in a patient with rapid transit of activ- 
ity through the esophagus. The angle of the near vertical 
lines is influenced by the position of the child and the frame 
rate. The angle between the vertical line and the line show- 
ing the passage of activity down the esophagus is wider if 
the child is supine or the frame rate is increased. Impression: 
Normal pattern of esophageal transit 


88 


Case 6.5. Impaired Initiation of Swallowing 
(Fig. 6.6) 
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Fig. 6.6 History: A 16-month-old boy presented with 
feeding difficulties and symptoms of GER following an 
intraventricular bleed. Study report: There is a hold-up in 
the proximal third of the esophagus in several swallows 
(a). During the 1-min transit study 10 swallows were 
observed. In condensed image (b), the swallows have a 
repeat pattern of occurring in pairs, with the first swallow 


of each pair showing prolonged hold-up in the proximal 
third of the esophagus. The hold-up persists at this level 
until the second swallow reaches this level, the activity 
then moves as a bolus to the distal esophagus. Impresison: 
This pattern suggests impaired initiation of swallowing 
seen in patients with neurological abnormalities 
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6.4  Salivagram 
— If the patient is neurologically 


impaired with ongoing salivation it is 
useful to place linen savers under the 
head and over the chest. They can be 


Clinical Indications 


e Detection of saliva aspiration in: 


— Children with neurological impairment, 
recurrent lung infections, and suspected 
pulmonary aspiration. 

— Children with normal neurological develop- 
ment presenting with recurrent lung infec- 
tions or unexplained chronic lung disease. 


Study Protocol for Radionuclide Salivagram 
[9, 10] 


Patient Preparation: 

There is no special patient preparation for 
this test. Ideally, the test should be done 
between feeds. 


Radiopharmaceutical, Administered 


Activity, Mode of Delivery 


Radiopharmaceutical: 
o [™Tc]Sn-colloid or 
colloid. 


[°"Tc]sulfur 


Activity: 
e 10-15 MBq (0.25-0.4 mCi) in small, 
approx. 0.1 ml, volume. 

Refer to the pediatric dosage card and 
to the North American consensus guide- 
lines on radiopharmaceutical administra- 
tion in children in the respective EANM 
and SNMMI and image gently web sites. 

Reference to national regulation guide- 
lines, if available, should be considered. 


Delivery: 
e The radiotracer is placed under the 
patient’s tongue. 


Study Protocol: 
e Collimator: low energy all purpose. 
e Position: supine, posterior view images 
(standard). 
— On dual head camera: optional simul- 
taneous posterior and lateral acquisi- 
tions (detectors in “L” shape). 


replaced during the study if contami- 
nation occurs. 


Acquisition Parameters: 

e Dynamic study: 5-30 s/frame for 
60 mins, matrix 128 x 128, size- 
appropriate zoom. 

e Static images at the end of the dynamic 
study: anterior, posterior, lateral views, 
2-5 mins/view, matrix 256 x 256, 
appropriate zoom. 

e Markers and/or transmission images 
may improve localization of activity. 

e If there is residual activity in the mouth 
at the end of the dynamic acquisition a 
late static image at 2 h from the begin- 
ning of the study is recommended. 


Study Interpretation [11] 


e Tracer visualizing the tracheobronchial tree or 


in the lung should be interpreted as aspiration. 


Correlative Imaging 


Barium esophagogram study may show inci- 
dental aspiration. 

Modified Barium swallow can be performed 
in the presence of a speech or occupational 
therapist and videotaped, using multiple food 
types and consistencies and various delivery 
methods depending on age (e.g., different nip- 
ple types for infant feeding, feeding by cup, 
spoon, and straw), can detect and/or document 
aspiration and swallowing triggers. 


Red Flags 


It is essential that the activity is given in a small 
bolus since it mimics native saliva transit. 


e Dynamic images can be stopped earlier than 


60 mins if all activity has cleared from the 
mouth or if clear aspiration is seen. 
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e If there is no clearance of buccal activity ° A normal study shows prompt clearance of 


after 15 mins a small amount of water activity from the mouth to the stomach and no 
(about 0.25 ml) can be placed under the activity in the lungs. 
tongue. 


Representative Case Examples 


Take Home Messages 
Case 6.6. Normal Salivagram (Fig. 6.7) 
e Salivagram is currently the only imaging study 


to directly demonstrate saliva aspiration. Case 6.7. Tracheobronchial Aspiration 
(Fig. 6.8) 
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Fig. 6.7 History: A 6-month-old girl born prematurely display at 10 s/frame (a) demonstrate prompt clearance of 
developed nosocomial infections early during hospitaliza- activity from the mouth to the stomach. No aspiration is 
tion. She had been admitted to the intensive care unit on detected. Planar images obtained after 1 h (b) show no 
four occasions with pneumonia and developed cystic lung evidence of tracer activity in the lungs. Impression: 
disease. Study report: Early posterior images summed for | Normal salivagram. No evidence of pulmonary aspiration 
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Fig. 6.8 History: A 13-year-old spastic quadriplegic 
patient with cerebral palsy presented with recurrent pneu- 
monias. Study report: Early posterior images summed at 
30 s/frame for display (a) show tracer activity entering the 


6.5 Gastrointestinal Bleeding 
Ectopic Gastric Mucosa (Meckel’s 
Diverticulum Scan) 


Clinical Indications [12, 13] 

e Detection of ectopic gastric mucosa in a 
Meckel’s diverticulum or, rarely, in a duplica- 
tion cyst as a source of painless lower GIB. 

e Detection of a Meckel’s diverticulum in rare 
cases of abdominal pain, due to diverticuli- 
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trachea and stomach. Planar images obtained after 1 h (b) 
show tracer activity in the bronchi, bilaterally. Impression: 
Tracheobronchial aspiration 


tis, or, less common, due to recurrent 
intussusception. 
e Unexplained anemia. 


Pre-Exam Information 

e Number and timing of bleeding episodes. 
Performing the study during active bleeding 
may reduce its sensitivity. 

e Was premedication taken as instructed? 

e Isa Barium study planned within 3 days prior 
to the Meckel’s scan? 
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Study Protocol for Meckel’s Scan [13, 14] guidelines on  radiopharmaceutical 
administration in children in the respec- 
tive EANM and SNMMI and image 
gently web sites. 

Reference to national regulation 
guidelines, if available, should be 
considered. 


Patient Preparation: 
e Fast: 3—4 h, can improve the sensitivity 
for detection of ectopic gastric mucosa. 
e Premedication options to increase the 
study sensitivity for detection of ectopic 
gastric mucosa: 
— Histamine H2 receptor antagonists 
reduce tracer release from the gastric 
mucosal cells. These drugs are most 
commonly used due to their availabil- 
ity, low cost, and infrequent side effects. 
— Cimetidine. 
Orally (PO) for 1-3 days: 20 mg/ 
kg/day. In neonates 10-20 mg/kg/ 
day. 
Intravenous (IV) 1 h before the 
scanning procedure: 300 mg in 
100 mL of 5% dextrose over 
20 min. 

— Famotidine. 
PO: 0.5 mg/kg/day. 
IV 1 h before the scanning proce- 
dure: 0.25 mg/kg. 

— Recently, proton pump inhibitors 
have been used to control acid secre- 
tion in children and some institutions 
may use this drug as a premedica- 
tion. Currently, there are no fixed 
recommendations for the dose or the 
duration of this premedication. 


Acquisition Protocol [15]: 

e Collimator: low energy, high- or ultra- 
high resolution collimator. 

e Position: tracer is injected with the 
patient lying supine. 

e FOV: entire abdomen and pelvis to 
ensure the entire bladder is in the field 
of view. 


Acquisition Parameters: 

e Step 1: Dynamic study for 60 s: 1-5 s/ 
frame, matrix 128 x 128. Aiming to look 
for vascular blush from arteriovenous 
(AV) malformation or to localize a site 
of rapid bleeding. 

e Anterior and posterior dynamic study 
step 2 for 30-60 mins: 30-60 s/frame, 
matrix 128 x 128. 

e Static images of the abdomen (upon 
completion of the dynamic part): ante- 
rior, RAO, and/or right lateral; 300 
Kcounts, matrix 256 x 256, appropriate 
zoom. 

— Post-void images are mandatory 
when there is significant bladder 
activity that can obscure focal uptake 
from an adjacent diverticulum. 


Radiopharmaceutical, Administered 
Activity, Mode of Delivery 


Radiopharmaceutical: — Posterior and lateral views can help 
e [°'™Tc]pertechnetate (Pertechnetate). delineate renal uptake. 
— Standing/sitting views may be 
Activity: needed to differentiate normal tracer 
e 1.85 MBq/Kg (0.05 mCi/Kg), minimum transit in the duodenum from uptake 
dose 9.25 MBq (0.25 mCi). in ectopic gastric mucosa. 
Refer to the pediatric dosage card — Additional views after diuretic 


and to the North American consensus administration may also be required. 
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e SPECT (if performed, should be done 
after the dynamic phase): 60-120 pro- 
jections, 10-20 s/projection, matrix 
128 x 128. 

e SPECT/CT including a pediatric low- 
dose CT with a FOV limited to the 
abdomen and pelvis (when available). 


Study Interpretation [16] 

Interpretation criteria for ectopic gastric 

mucosa: 

e Focal tracer uptake appears at the same time 
as the activity in the normal gastric mucosa, 
and persists or increases in intensity over time. 

e Typical location: right lower quadrant. 

— Other abdominal locations are occasionally 
seen. 

— The location of the focus may change dur- 
ing the study due to peristalsis. 


False positives: physiologic abdominal tracer 

biodistribution. 

e Focal tracer activity in the urinary tract: 

Renal or extra-renal pelvis, dilated ureter, 
bladder diverticulum, vesicoureteral reflux 

(VUR), ectopic kidney. Urinary tract activity 

is occasionally seen but it clears during the 

dynamic acquisition, unlike focal uptake in a 

Meckel’s diverticulum. 

e Physiologic tracer transit in the small bowel: 
— Diffuse, usually in the left upper quadrant, 

or focal, commonly in the duodenal bulb. 

— Appears later in the study than uptake in 
ectopic gastric mucosa. 

— Cinematic display can identify normal 
tracer movement from the stomach to the 
duodenum and small bowel loops. 

e Uterine blush. 

e Hemangioma or AV malformation. The latter 
is usually prominent during the initial angio- 
graphic phase of the study. 

e Ectopic gastric mucosa present in enteric 
duplication cysts. 
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False negatives: 

e Barium fluoroscopy a few days prior to scin- 
tigraphy. Barium can attenuate faint activity in 
ectopic gastric mucosa. 

e Perchlorate administration inhibits 
Pertechnetate uptake by gastric mucosa. 

e Physiologic low Pertechnetate uptake in 
neonates. 

e Scarring, necrosis, or ischemia within the 
diverticulum. 

e A very small focus on ectopic mucosa. 


Correlative Imaging 

e Upper GI and follow-through contrast exami- 
nation to detect duplication cyst. 

e Contrast enema to detect duplication cyst. 

e US of the abdomen may incidentally identify 
a cystic structure. 

e Cross-sectional CT or MRI imaging may 
identify a mass or cyst in the bowel. 


Red Flags 

e The study cannot demonstrate Meckel’s diver- 
ticula that do not contain ectopic gastric 
mucosa. It will only detect diverticula contain- 
ing ectopic gastric mucosa (20-50% of cases). 

e Potential pitfalls can include: 

— Very small lesions that may first appear a 
bit later than the stomach. 

— Uptake suspected to be in the excretory 
system. In doubtful cases, upright, post- 
void, or repeat images after administration 
of furosemide may clear the urinary tract 
activity. 

— In patients who have acute GI bleeding 
with a significant drop in hemoglobin, the 
study may be falsely negative due to failure 
to deliver the tracer to the ectopic mucosa. 
This may necessitate a repeat scan 
10-14 days later. 

— Active bleeding during imaging can dilute 
and shift tracer activity away from the 
diverticulum. 

e A Meckel’s scan should not be performed 
within several days after a bleeding study that 
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employed in vivo labelling of red blood cells 
(RBCs). Small amounts of persisting circulat- 
ing Sn-pyrophosphate from the prior study, 
will cause Pertechnetate, injected for the 
Meckel’s scan, to label RBCs and thus no 
uptake will be found in the gastric mucosa. 
This is not the case if in vitro labelling of the 
RBCs; then a Meckel’s scan can be performed 
without interference. 


Take Home Messages 


Interpreting physicians should be familiar 
with the characteristic pattern of uptake in 
ectopic gastric mucosa, with conditions that 
can potentially result in erroneous interpreta- 
tions and with the various techniques that can 
be used to increase the diagnostic certainty in 
doubtful cases. 

Pertechnetate is taken up by the mucin- 
producing cells of the gastric mucosa and 
excreted later on into the gut lumen. This fea- 
ture makes a Meckel’s scan the study of choice 
for the detection of ectopic gastric mucosa. 
Pertechnetate scintigraphy is the only direct 
study to demonstrate the presence of ectopic 
gastric mucosa within a Meckel’s diverticu- 
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lum. When adequately performed, it is 

reported to have a sensitivity of 94%, and a 

specificity of 97%. 

This examination is seldom of value in chil- 

dren with no history of rectal bleeding. 

SPECT/CT increases the diagnostic 

confidence: 

— In small diverticula with low uptake. 

— For precise preoperative localization. 

— To identify ectopic gastric mucosa foci 
obscured by the bladder. 

When studies are negative or equivocal and 

the clinical suspicion is high, repeat studies 

should be considered as they may present with 

more definite findings and help in establishing 

or refuting the diagnosis. 

Ectopic gastric mucosa present in symptom- 

atic enteric duplication cysts often require sur- 

gical resection similar to symptomatic 

Meckel’s diverticula. 

US of the abdomen should not be used as a 

screening test. 


Representative Case Examples 
Case 6.8. Meckel’s Diverticulum (Fig. 6.9) 
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Fig. 6.9 History: A 12-year-old boy presented with sig- 
nificant painless melena and a drop in hemoglobin. Study 
report: Following oral premedication with H2 blocker 6 h 
previously, Pertechnetate was injected, and dynamic flow 
images were obtained over 2 mins (not shown), followed 
by 15 mins of dynamic imaging of the abdomen and pel- 
vis (a) Subsequently, static images were obtained at 
20 mins (b). There is some activity in right and left kidney 
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areas seen on the initial dynamic and static imaging that 
drained after the administration of 20 mg furosemide 
IV. There is a focal area of increased activity in the lower 
abdomen. SPECT of the abdomen and pelvis (c) identifies 
a focus of activity in the lower mid-abdomen (arrows). 
Impression: The findings are consistent with an area of 
ectopic gastric mucosa in a Meckel’s diverticulum 
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Case 6.9. Meckel’s Diverticulum (Fig. 6.10) 


Fig. 6.10 History: An 11-year-old boy presented with 
recurrent abdominal pain and anemia. The study was 
requested in search of a possible Meckel’s diverticulum 
with ectopic gastric mucosa as a cause of diverticulitis and 
was performed after premedication with ranitidine. Study 
report: Dynamic images obtained for 30 mins after admin- 
istration of Pertechnetate show a focal uptake (arrow) in 
the lower pelvis, above the urinary bladder. This focus 
appeared simultaneously with the physiological uptake in 
the gastric mucosa and increased in intensity over time. 
Impression: The findings are consistent with the diagnosis 
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of ectopic gastric mucosa. On surgery an inflamed 

Meckel’s diverticulum located proximal to the ileo-caecal 

valve was resected. Typically, a Meckel’s diverticulum 

manifests as painless rectal bleeding in a young child, in 
most cases under 2 years of age. This case illustrates that 
occasionally less common presentations may be encoun- 
tered, especially in older children, like in the present case 


in whom the child suffered from “Meckel’s diverticulitis” 
with recurrent abdominal pain and chronic blood loss 
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Blood Pool Scintigraphy 


Clinical Indications 


Detection of GIB. 


Pre-Exam Information 


Are there signs of active bleeding just prior to 


the study? 


Hemoglobin levels and administration of 


blood transfusions should be known. 


Hemodynamic status of the patient and the 


need for supportive therapy and monitoring. 


Study Protocol for GI Bleeding Scan [14, 17] 


Patient Preparation: 

e No preparation is required. 
Radiopharmaceutical, Administered 
Activity, Mode of Delivery 


Radiopharmaceutical: 

e [°'™Tc]Tc-RBCs [18] In vitro labelling 
is the method of choice and should be 
employed when an adequate facility and 
proper radiopharmacy practices are 
available 1-3 ml of the patient’s blood 
are drawn anticoagulated with heparin 
or acid citrate dextrose (ACD). 

e RBC are labelled with a commercially 
available preparation according to the 
manufacturer’s instructions. 

e In vivo labelling: 

— Sn pyrophosphate is injected in 
appropriate, weight-based amounts 
obtained from the package insert of 
the commercial cold kit. 

— Administration of Pertechnetate fol- 
lows 20 mins later. 


Activity (Pertechnetate): 
e 74 MBq/Kg (2 mCi/Kg), minimum dose 
74 MBq (2 mCi). 
Refer to the EANM pediatric dosage 
card and to the North American consensus 


guidelines on radiopharmaceutical admin- 
istration in children in the respective 
European Association of Nuclear 
Medicine (EANM) and Society of Nuclear 
Medicine and Molecular Imaging 
(SNMMD) and image gently web sites. 

Reference to national regulation 
guidelines, if available, should be 
considered. 


Delivery: 

e For in vitro labelled RBCs: the labelled 
blood should be slowly reinjected IV 
into the patient from whom it was drawn. 


Acquisition Protocol: 

e Collimator: low energy, general pur- 
pose, or high resolution. 

e Position: supine, anterior view. 

e FOV: entire abdomen. 


Acquisition Parameters: 

e Dynamic study, Step 1: immediately 
following tracer injection, 60 x 1-5 s/ 
frame, matrix 128 x 128, size-appropri- 
ate zoom. 

e Dynamic study Step 2: immediately fol- 
lowing step 1, with 30 s/frame for 
60-90 mins. 

e Additional delayed sequences of 
dynamic imaging can be performed up 
to 24 h if no bleeding is noted. 

e SPECT or SPECT/CT, when available, 
can be used to clarify foci of uncertain 
origin. 


Study Interpretation 
A new, focal tracer accumulation in the abdo- 
men or pelvis should be considered to repre- 


sent a bleeding site. 
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e This focus typically increases in intensity and 
travels through the bowel lumen from the 
original bleeding site in an antegrade or retro- 


grade fashion. 
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Focal or diffuse sites of tracer accumulation 
that do not change their location throughout 
the study are unlikely to represent bleeding 
sites. 

Bleeding is often intermittent. Abnormal 
uptake first detected on late images indicates 
that bleeding has occurred in the time that 
elapsed from the prior imaging sequence but 
does not necessarily reveal the original bleed- 
ing site because of the movement of labelled 
blood in the intestinal lumen due to 
peristalsis. 

Physiologic tracer activity accumulation can 
be seen in: 

The blood pool of the kidneys or occasionally 
in the renal pelvis or ureter and in the 
bladder. 

In the blood pool of the large abdominal blood 
vessels and the liver and spleen. 

Uptake in the thyroid gland and gastric mucosa 
is due to free circulating Pertechnetate and 
suggests inadequate RBC labelling. 


Correlative Imaging 


Angiography can be used both for detection of 
the GIB as well as for therapeutic purposes but 
requires larger bleeding volumes than 
scintigraphy. 


Red Flags 


General blood manipulation and handling pre- 
cautions have to be always implemented. 
Injection of in vitro labelled blood requires 
extreme caution to ensure that the blood is 
injected into the patient from whom it was 
drawn. To reduce the chance of misadminis- 
tration it is advised to avoid booking more 
than one in vitro labelled RBC study per 
session. 
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e Referring physicians should be advised when 
ordering a GIB study that this investigation 
can only detect active bleeding that occurs at 
the time of imaging and grossly localize the 
bleeding source to one of the four abdominal 
quadrants. 

e Distinctions between small and large bowel 
bleeding can sometimes be made. The etiol- 
ogy of bleeding such as ectopic gastric 
mucosa, erosion, AV malformation, and tumor 
cannot be determined. 

e When there is a high clinical suspicion for a 
Meckel’s diverticulum as the bleeding site, a 
Meckel’s scan should be performed instead of 
a labelled RBC bleeding study. 

e Uptake in organs and sites suggesting free 
Pertechnetate is more commonly encountered 
with in vivo labelling which is not advised for 
GIB investigations. 


Take Home Messages 

e RBC scintigraphy is a sensitive and specific 
study for the detection of GIB. The long scan- 
ning duration increases the likelihood of 
detecting intermittent bleeding episodes. 

e The study can detect smaller bleeding vol- 
umes than angiography, 0.1—0.4 ml/min. 

e In vitro RBC labelling is the method of choice 
because of significantly higher labelling effi- 
ciency and a lower likelihood of artifacts 
related to free Pertechnetate. 

e The migration of the focus of abnormal activ- 
ity both ante- and retrograde occurs because 
blood irritates the bowel mucosa and induces 
peristalsis. When sufficient labelled blood 
accumulates in the lumen the outline of the 
bowels may be recognized allowing distinc- 
tion between the small and large intestines. 
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Fig. 6.11 History: A 3-year-old girl undergoing chemo- 
therapy for leukemia experienced repeat episodes of 
melena and bright red blood rectal bleeding. Angiography 
failed to detect the bleeding source. Study report: 
Following reinjection of autologous Tc-labelled RBCs 
dynamic images of the abdomen acquired in the anterior 


Representative Case Examples 
Case 6.10. Left Upper Quadrant 
Gastrointestinal Bleeding (Fig. 6.11) 
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Liver and Spleen 
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7.1 Hepatobiliary Scintigraphy 


Clinical Indications [1, 2] 


e Differential diagnosis between biliary atresia 
and other causes of neonatal jaundice such as 
neonatal hepatitis. 

e Evaluation of cystic masses such as chole- 
dochal cysts. 

e Diagnosis of cholecystitis. 

e Evaluation of liver transplants. 

e Evaluation of bile leaks following surgery or 
trauma. 
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Pre-Exam Information 

e The need for fasting or pharmacologic inter- 
ventions will be determined by the age of the 
patient and the specific clinical indication. 

e In cases of liver transplantation: anatomy of 
the graft (one lobe, whole liver), site and type 
and location of the anastomosis with the 
bowel, complications during surgery. 


Study Protocol, Hepatobiliary Scintigraphy 
[3-5] 


Patient Preparation: 
Fast: 4-6 h when the study is performed to 
investigate gallbladder pathology. 


e Fasting is not required for the evaluation 
of biliary atresia, liver transplant, and 
biliary leaks. 

e Premedication (in infants with sus- 
pected biliary atresia): 

— Preferred: ursodeoxycholic acid 
(UDCA), administered orally (PO) 
20 mg/Kg every 12 h for 2-3 days 
prior to the study. 

— Alternative: Phenobarbital 5 mg/kg/ 
day, administered orally in two equal 
doses for 5 days prior to the study. 
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Radiopharmaceutical, Administered 


Activity, Mode of Delivery 


Radiopharmaceutical: 
e [™Tc]labelled iminodiacetic acid 
(IDA) derivates. 
e Preferred: [™Tc]mebrofenin  (pre- 
ferred, when available) and 
99mTc-disofenin. 


Activity: 
e 1.85 MBq/Kg (0.05 mCi/Kg), minimum 
dose 20 MBq (0.54 mCi). 

— Refer to the EANM pediatric dosage 
card and to the North American con- 
sensus guidelines on radiopharma- 
ceutical administration in children in 
the respective EANM and SNMMI 
and image gently web sites. 

— Reference to national regulation 
guidelines, if available, should be 
considered. 


Acquisition Protocol: 

e Collimator: low-energy high-resolution 
parallel hole. 

e Field-of-view (FOV): entire abdomen, 
anterior view. 


Acquisition protocol depends on the 
study indication; can be customized 
according to interim findings. 


e In general, it starts with a dynamic 
acquisition of 30-60 seconds/frame for 
a total of 60 mins, matrix 128 x 128. 

e Serial static images at 1 and 4 h (for an 
acquisition duration of 3—5 min) follow 
after the completion of the dynamic 
study, and if needed at 24 h (for a dura- 
tion of 15 min), matrix 256 x 256. 

e Size-appropriate zoom. 

e SPECT/CT (when available) will 
improve the diagnostic accuracy. 
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Suspected biliary atresia: 

e The study can be discontinued at earlier 
time points if there is clear evidence of 
tracer accumulation in the bowel. 


Suspected acalculous cholecystitis— 
includes a pharmacological intervention to 
stimulate gallbladder contraction: 


e When there is clear tracer accumulation 
in the gallbladder at 60 mins post- 
injection imaging, a cholecystokinin 
(CCK) analogue such as Sincalide 
(Kinevac, Sincalide, Bracco 
Diagnostics, Princeton, NJ) is adminis- 
tered IV. 

— Dose: 0.02 microgram/Kg diluted 
with saline to 30 ml. 

— Delivery: infusion pump at a rate of 
1 ml/min for 30 mins. 

e If CCK is unavailable it can be substi- 
tuted by a standardized fatty meal or by 
high-fat containing dairy products 
(milkshake, half-and-half, whipped 
cream). 

e A second sequence of dynamic images 
is obtained for 30 mins. 


Study Processing: 

e Quantitative analysis of tracer uptake 
and excretion is not routinely performed 
in clinical practice. 

e Gallbladder ejection fraction (EF) can 
be obtained by drawing a region-of- 
interest (ROI) over the gallbladder, 
recording pre- and 30-min post-stimula- 
tion counts. 

e The EF is calculated as the difference 
between the pre- and post-stimulation 
counts divided by the pre-stimulation 
counts. An EF below 35% is considered 
abnormal. 


7 Liver and Spleen 


Study Interpretation 


Suspicion of Biliary Atresia [2, 6, 7] 


Initial hepatic uptake and timing of the first 
bowel loops appearance should be recorded. 
Increased tracer activity in the background 
and alternative excretion by the kidneys 
should be noted. 

The diagnosis is ruled out when a tracer is 

identified in bowel loops at any time point 

during the study. 

Tracer retention in the liver and lack of excre- 

tion up to 24 h post-injection may suggest bili- 

ary atresia but is not specific. 

Differential diagnosis: 

— Severe neonatal hepatitis. 

— Other entities: bile plug syndrome in 
patients with cystic fibrosis, Alagille syn- 
drome, dehydration, sepsis, and occasion- 
ally total parenteral nutrition may produce 
similar scintigraphic findings. 


Acalculous Cholecystitis: 


Scintigraphy will typically show a prominent 
gallbladder with little or no emptying follow- 
ing stimulation by pharmacologic intervention 
or a fatty meal. 

The gallbladder EF is typically less than 35%. 


Choledochal Cysts: 


Scintigraphy will show drainage from the liver 
and gradual tracer accumulation in the region 
of the porta hepatis. 

Bowel activity can be seen when the cyst is 
not obstructive. 

Occasionally, early hepatic images will show 
a photopenic area corresponding to the cyst 
that gradually fills up as the rest of the liver 
drains. 

SPECT/CT may be helpful in selected cases to 
clarify the scintigraphic findings. 


Liver Transplant:[8-10] 


Tracer distribution in the liver parenchyma 
during the early phases of the study is 
important. 

Areas with decreased uptake may suggest 
ischemia or necrosis. 
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Tracer transit into the bowel is important to 

rule out obstructions. Transient tracer accu- 

mulation at the site of the anastomosis with 
the bowel is a common feature. 

Bile leaks should be suspected when there is 

tracer activity in fluids collected from surgical 

drains. 

— Contained bile leaks may be seen as ecto- 
pic sites of tracer accumulation usually 
close to the liver margins. 

— Free bile leaks typically manifest as ecto- 
pic tracer localization in the gutters or pel- 
vic floor. 


Correlative Imaging [11-13] 


US and cross-sectional imaging may show the 
presence of a cystic mass suspected to repre- 
sent a choledochal cyst or non-visualization of 
the gallbladder that may be associated with 
biliary atresia. 

Choledochal cysts are usually first identified 
with US or CT, but these modalities cannot 
ascertain the nature of the cyst. Magnetic reso- 
nance cholangiopancreatography (MRCP) is 
also being used more frequently to evaluate 
the biliary tree. 


Red Flags [9] 


In cases of suspected biliary atresia, it is essen- 
tial to verify that pre-scan medication was 
taken as required. Repeat scintigraphy can be 
considered when the first study did not clearly 
demonstrate tracer localization in the bowel, 
prior to more invasive diagnostic measures. 
Phenobarbital blood levels prior to HBS 
should be within the therapeutic range. It is 
recommended to check drug levels prior to 
performing the scan. If they are still low, treat- 
ment should be continued and the test 
postponed. 

When no gastrointestinal (GI) excretion is 
visualized up to 24-h imaging, biliary atresia 
cannot be ruled out and must be confirmed by 
biopsy and other clinical tests. The report 
should also not conclude that the scan is con- 
sistent with biliary atresia. 
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Alternative tracer excretion through the kid- 
neys is commonly seen in infants with neona- 
tal jaundice. Distinction between renal and 
bowel activity may be difficult in the late, 
count poor images. Posterior view images may 
be helpful as well as SPECT or SPECT/CT. 
Distinction between normal uptake in the gall- 
bladder vs. activity in a choledochal cyst can 
be difficult. Administration of a fatty meal can 
be helpful. A normal gallbladder will empty 
following a fatty meal stimulation unlike a 
choledochal cyst. 

The location of anastomosis between bile 
ducts and bowel is essential for the interpreta- 
tion of liver transplant studies. Tracers tend to 
transiently accumulate at the site of the surgi- 
cal anastomosis and could erroneously be 
interpreted as indicating a contained bile leak. 
Later images should show tracer clearance 
from the anastomotic site. 


Take Home Messages 


IDA derivates differ in their extraction rate 
from the blood and the rate of clearance from 
the liver parenchyma into the bowel. 
Phenobarbital increases bile flow and 
improves the specificity of the study by ruling 
out biliary atresia. 
SPECT/CT can 
accuracy: 
— Allows direct correlation between sites of 
tracer accumulation and anatomic findings 


improve the diagnostic 
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such as fluid collections and abdominal 
cysts. 

— Enhances the study sensitivity for detec- 
tion of small amounts of tracer in bowel 
loops. 

HBS has a high negative predictive value for 
biliary atresia and thus its value is in exclud- 
ing biliary atresia. 
The definite diagnosis of biliary atresia 
requires percutaneous or intraoperative tran- 
shepatic cholangiography and liver biopsy. 
Biliary atresia requires a Kasai hepato- 
porto-enterostomy surgery, an initial mea- 
sure to enable bile drainage from the liver. 
Liver transplantation is usually performed 
later. 
In neonatal hepatitis, the hepatocellular dam- 
age impairs tracer uptake by the liver and 
results in increased background activity. This 
characteristic is usually not seen in biliary 
atresia when the diagnosis is made early prior 
to hepatocellular damage. 
Congenital cystic dilatations of the extrahe- 
patic bile ducts may cause biliary obstruction. 
The most common type is the cystic dilatation 
of the common bile duct. Abdominal pain and 
occasionally jaundice are common clinical 
signs. Scintigraphy is required to prove the 
biliary origin of the cyst which accumulates 
the tracer. 

Bile leaks following liver transplantation, 

other abdominal surgery, or trauma can be 

identified and distinguished from other fluid 
collections. 
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Representative Case Examples 


Case 7.1. Biliary Atresia (Fig. 7.1) 
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Fig. 7.1 History: A 6-week-old infant with prolonged 
direct hyperbilirubinemia. Biliary atresia was suspected. 
A hepatobiliary scan with Tc-Disofenin was performed. 
Study report: Dynamic images (a) obtained for 60 mins 
and static images obtained at 4 h (b) and 24 h after tracer 
administration (c) show tracer retention in the liver. There 
is no activity seen in the bowel. The 24-h images show 
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faint tracer activity in the kidneys. The liver uptake is 
homogenous and there is no significant background activ- 
ity. Impression: These findings suggest that biliary atresia 
cannot be ruled out. The diagnosis was further confirmed 
by intraoperative transhepatic cholangiography 
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Case 7.2. Choledochal Cyst (Fig. 7.2) 
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Fig. 7.2 History: An 11-month-old girl presented with a 
large cyst in the region of the common bile duct as shown 
by US (a) and MRI (b, c) suspected to be a choledochal 
cyst. Scintigraphy was performed to assess the relation- 
ship of the cyst to the hepatobiliary system, which could 
not otherwise be established. Study report: Early dynamic 
scintigraphy (d) shows normal liver uptake and excretion, 
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with gradual tracer accumulation just below the inferior 
liver margin, most likely in the known cyst. Tracer activity 
was clearly noted in bowel loops with no evidence of 
obstruction. Late, 4- (e) and 24-h (f) images demonstrate 
continuing tracer pooling in the cyst (arrows). Impression: 
The findings are consistent with a choledochal cyst, part 
of the biliary system 
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Case 7.3. Acalculous Cholecystitis (Fig. 7.3) 


pre fatty meal challenge 


Fig. 7.3 History: A 16-year-old boy experienced 
repeated episodes of upper abdominal colicky pain during 
and after meals. Cholecystitis was suspected. The US did 
not show stones in the gallbladder or bile ducts. Study 
report: Dynamic images acquired for 60 mins following 
tracer injection (a) show normal uptake in and excretion 
from the liver. There is tracer accumulation in the gall- 
bladder. A fatty meal was given to stimulate gallbladder 
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2a 
30 minutes post fatty meal 
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GALLBLADOER EF 30 M POST FATTY MEAL = 22% 


emptying, followed by only slight emptying on dynamic 
images acquired for additional 30 mins after ingestion of 
the meal (b). Gallbladder EF, calculated from static 
images obtained before and 30 mins after the fatty meal 
challenge (c) was 22% (normal values >35%). Impression: 
The findings suggest acalculous cholecystitis with abnor- 
mal gallbladder contraction 
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Case 7.4. Suspected Biliary Leak after Liver 
Transplant (Fig. 7.4) 
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Fig. 7.4 History: An 11-year-old girl underwent liver trans- 
plantation 3 weeks prior to the current examination. During 
her postoperative course, she developed septicemia and asci- 
tes and a bile leak was clinically suspected. Study report: 
Dynamic images acquired for 60 mins after tracer injection 
(a) show homogenous uptake in the transplanted liver with 
some accumulation at the site of the anastomosis, just below 
the inferior margin of the liver. There is prominent tracer 
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posterior 


activity in the tubing of the surgical drain positioned at the 
site of the anastomosis. No tracer transit into the bowel is 
noted. Static images at 1 h after tracer injection (b) show 
more tracer accumulation at the site of the anastomosis and a 
small amount in the bowel loops. At 4 h after tracer injection, 
anterior and posterior static images and a SPECT volume 
rendered image (MIP) (c) show cholestasis and tracer activ- 
ity in the bowel loops. Impression: No evidence of bile leak 
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7.2 Liver and Spleen Reticuloendo- 


thelial System Scintigraphy 


Clinical Indications [14] 


At present, this study is performed quite rarely 
for relatively uncommon indications: 


Rarely, to assess liver and spleen involvement 
in metabolic diseases (e.g., Gaucher’s disease 
and glycogen storage diseases). 

Evaluation of suspected portal hypertension. 
Evaluation of extramedullary hematopoiesis. 
Evaluation of splenic or hepatic trauma, in 
selective cases in conjunction with correlative 
imaging. 

Evaluation of the immunologic function of the 
spleen (functional hyposplenism). 

Presence of accessory spleens prior to or after 
elective splenectomy for hematologic 
disorders (when splenic scintigraphy with 
denatured RBCs cannot be performed). 
Evaluation of poly—/asplenia in cases of het- 
erotaxy syndrome (when splenic scintigraphy 
with denatured RBCs cannot be performed). 


Study Protocol for Liver-Spleen Scintigraphy 
[15] 


Patient Preparation: 

e No specific preparation is required. 

e Check for results of correlative radio- 
logic studies, especially in cases of het- 
erotaxy syndrome. 


Radiopharmaceutical, Administered 


Activity, Mode of Delivery 


Radiopharmaceutical: 
e [%™Tc]sulfur colloid (SC). 


Activity: 
e 1.85 MBq/Kg (0.05 mCi/Kg), minimum 
dose 15 MBq (0.4 mCi). 

Refer to the EANM pediatric dosage 
card and to the North American consen- 
sus guidelines on radiopharmaceutical 
administration in children in the respec- 
tive EANM and SNMMI and image 
gently web sites. 
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Reference to national regulation guide- 
lines, if available, should be considered. 


Acquisition Protocol: 

e Imaging can start a few minutes after 
tracer injection. 

e Collimator: low-energy high-resolution 
parallel hole. 

e Position: supine. 

e Static images, in the anterior, posterior, 
RAO, LAO, and optionally right and left 
laterals, 2-5 min/view, matrix 
256 x 256, and size-appropriate zoom. 

e SPECT: 120 projections, 15 seconds/ 
frame. 

e SPECT/CT: when available can be help- 
ful for specific indications. 


Study Interpretation (Fig. 7.5) 


Normal pattern: the intensity of tracer uptake 
in the spleen is similar or slightly reduced 
compared to the liver on posterior view images. 
Size of liver and spleen: measured as maximal 
vertical length of the liver or vertical length of 
the liver at the midclavicular line (on the ante- 
rior view) and the maximal length of the 
spleen (on the posterior view). 

Location: abnormal ectopic foci of activity are 
seen in accessory spleen, polysplenia, or 
splenosis. 

Focal liver defects can be caused by numerous 
etiologies such as primary tumors, metastases, 
abscesses, hematoma, cirrhosis, cysts, and 
storage disease. 

Increased focal liver uptake is seen in focal 
nodular hyperplasia, regenerating nodules, 
and Budd-Chiari syndrome (focal increased 
activity in the caudate lobe). 

Focal or diffuse reduced liver uptake and 
increased uptake in spleen and bone marrow 
are found conditions causing extensive hepa- 
tocellular damage. 

Focal areas of reduced or even absent uptake 
of variable sizes in liver or spleen are due to 
trauma. 

Reduced tracer localization in a normal- 
appearing spleen in US suggests functional 
hyposplenism. 
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Case(s) 7.5 Patterns of liver and spleen SC uptake (Fig 7.5) 
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Fig. 7.5 Patterns of liver and spleen SC uptake. (a) 
Normal tracer uptake in liver and spleen in a 7-year-old 
girl with no evidence of immune deficiency. (b) Reduced 
uptake in an anatomically normal spleen in a 4-month-old 
infant evaluated for functional hyposplenism following 
pneumococcal meningitis and pneumonia. (c) Transiently 
reduced uptake in the spleen in a 5-year-old girl following 


posterior 


posterior 


two episodes of pneumococcal meningitis who was sus- 
pected of functional hyposplenism. Reduced SC activity 
in the spleen supports the clinical suspicion (top row). The 
patient was treated with antibiotic prophylaxis. A repeat 
study 30 months later (bottom row) shows normalization 
of the tracer uptake by the spleen. Prophylaxis was 
discontinued 
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Correlative Imaging 


US and cross-sectional imaging with CT and/ 
or MRI may show a solid mass in the liver or 
spleen. 

Contrast-enhanced US may be useful to char- 
acterize these solid lesions. 

MRI with specific biliary contrast agents may 
also help characterize lesions in the liver and 
biliary system. 

Correlation with US may show a normal 
appearing spleen in spite of low or absent 
radiotracer uptake. 


Red Flags 


Scintigraphic findings suggesting space occu- 
pying lesions (SOL) are not specific. If clini- 
cally indicated, tissue sampling is advised 
following additional cross-sectional imaging. 
Improper SC labelling with subsequent 


appearance of dissociated free Pertechnetate 
in the circulation may result in the latter’s 
focal accumulation in the renal collecting sys- 
tems that may be erroneously interpreted as 
accessory spleens. 
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Occasionally there is a significant superposi- 
tion of the left liver lobe and the spleen. Planar 
images may suggest asplenia and a transverse- 
lying liver. SPECT or SPECT/CT is essential 
to determine if there is, in fact, a superim- 
posed functioning spleen. 


Take Home Messages 


Size of the liver and spleen are age related. 
Transient enlargement of the liver and spleen 
is common in many pediatric diseases. 
Functional hyposplenism indicates inadequate 
phagocytosis of the tracer by RES macro- 
phages in the spleen. Similar to asplenia, func- 
tional hyposplenism carries an increased risk 
of overwhelming, often fatal, sepsis by certain 
bacteria and requires prophylactic antibiotic 
therapy and immunizations. 


Representative Case Examples 


Case 7.6. Asplenia (Fig. 7.6) 


Coronal SPECT 


transaxial SPECT 


Fig. 7.6 History: A 4-month-old infant with heterotaxy 
syndrome that included ventricular and atrial septal 
defects and a right-sided stomach was evaluated for pos- 
sible asplenia or polysplenia. Study report: Selected pla- 


nar images (a) show a transverse lying liver and no splenic 
uptake, confirmed on selected SPECT slices (b). 
Impression: No evidence of functioning spleen tissue 
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Case 7.7. Splenic Infarct (Fig. 7.7) 
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Fig. 7.7 History: This 12-year-old boy with previous 
biliary atresia and a functioning Kasai developed portal 
hypertension. He complained of recurrent sharp pain in 
the region of his enlarged spleen. There were concerns 
regarding a possible splenic infarct. Study report: The 


SPECT/CT study (selected SPECT and fused coronal, 
sagittal and transaxial slices, left, and MIP, right) shows a 
wedge-shaped defect in the lower pole of the spleen. 
Impression: The findings are consistent with a splenic 
infarct in the lower pole of the spleen 
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7.3 Spleen Scintigraphy 


with Denatured (Heat 
Damaged) Red Blood Cells 


Clinical Indications [16] 


Failure of splenectomy to relieve thrombocy- 
topenia in idiopathic thrombocytopenic pur- 
pura (ITP) or anemia (in spherocytosis) in 
order to determine the presence of accessory 
spleen/s that was/were not resected. 
Heterotaxy syndromes, to determine the pres- 
ence of polysplenia or asplenia. 

Identification of splenosis following splenec- 
tomy or abdominal trauma. 

Evaluation of abdominal or thoracic nodules 
suspected as ectopic, accessory, or wandering 
spleens. 

Evaluation of splenic torsion. 


Study Protocol for DRBC Spleen 
Scintigraphy [17, 18] 


Patient Preparation: 

e No specific patient preparation is 
required. 

e Check for results of correlative radio- 
logic studies. 

Radiopharmaceutical, Administered 

Activity, Mode of Delivery 


Radiopharmaceutical—P reparation: 
e [P™Tc]heat damaged red blood cells 

(DRBC). 

— 1-3 ml of blood is drawn into a 
syringe containing heparin or acid 
citrate dextrose (ACD) solution for 
anticoagulation. 

— [?™Tc] in vitro labelling of RBCs is 
performed. 

— Labelled RBCs are denatured by 
incubating the tube with the blood 


in a warm water bath with a con- 
stant temperature of 49.5 °C for 
15 mins. 


— Allow the tube with the labelled 


blood to cool prior to reinjection. 


Activity: 


20-40 MBq (0.5-1 mCi). 

Refer to the EANM pediatric dosage 
card and to the North American consen- 
sus guidelines on radiopharmaceutical 
administration in children in the respec- 
tive EANM and SNMMI and image 
gently web sites. 

Reference to national regulation 
guidelines, if available, should be 
considered. 


Delivery: 


Slow IV reinjection. 


Acquisition Protocol: 


Imaging starts 15 mins after tracer 
injection. 

Collimator: low-energy, high- or 
ultrahigh-resolution parallel hole. 

FOV: entire abdomen. The thorax 
should be included in suspected intra- 
thoracic ectopic splenic tissue. 

Static anterior, posterior, 4 obliques, and 
2 lateral images are acquired; 2-5 min/ 
view, matrix 256 x 256, size-appropriate 
zoom. 

SPECT (or SPECT/CT if available) 
should follow planar scintigraphy and 
provides important information in par- 
ticular in cases with suspected polysple- 
nia, splenosis, and ectopic splenic 
tissue. 
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Study Interpretation 


Sites of increased tracer localization represent 
DRBCs trapped in splenic tissue. 

The intensity of uptake is significantly higher 
than the background and surrounding organs. 
The location, size, and number of these foci 
should be reported, as well as their relation- 
ship to the liver. 

DRBCs scintigraphy determines the presence 
of multiple spleens (polysplenia) or the 
absence of the spleen (asplenia). 

Splenosis: scattered splenic nodules (mostly in 
the abdomen) that appear as multiple hot spots. 
Accessory spleens: found in approximately 
10-15% of autopsies in children. 

Ectopic spleen: found in a location different 
from the known anatomic site in the left upper 
abdomen can be easily identified with DRBC 
scans. 

Splenic torsion: the spleen is not visualized. 


Correlative Imaging 


US and cross-sectional imaging with CT and 
or MRI may confirm the presence, position, 
and appearance of splenic tissue. 


Red Flags 


DRBC scintigraphy is the investigation of 
choice when looking at anatomical localiza- 
tion of splenic tissue. However, it does not 
provide information on the function of the 
splenic tissue and is more cumbersome when 
compared to colloid scintigraphy. 

Reinjection of DRBCs should be done after 
proper identification of the patient and according 
to local regulations for blood administration. 
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e Scheduling no more than one RBC scan per 
session is a good practice to reduce the chance 
of labelled blood misadministration. 


Take Home Messages 


e The so-called wandering spleen occurs rarely, 
when there is abnormal mobility of the spleen 
that is inadequately fixed to its surroundings 
and can be located in a different position 
within the abdomen. The wandering spleen 
carries a risk of torsion because of the conse- 
quent occlusion of the splenic vessels. 

e Splenosis is an acquired condition of splenic 
tissue auto-transplantation in different body 
compartments following trauma involving the 
spleen and should be distinguished from 
accessory spleens. 

e Accessory spleens are a congenital condition 
of additional up to six spleens that receive 
their blood supply from branches of the 
splenic artery and are located in specific 
abdominal regions. 

e A small ectopic spleen or multiple small 
spleens that are identified on DRBC scintigra- 
phy may lack the immunological function of a 
normal spleen. 

e SPECT/CT correlation of sites of splenic tis- 
sue with anatomic findings (e.g., nodules) is 
of particular value in cases with complex anat- 
omy such as in heterotaxy syndromes. 

e Intraoperative gamma-probe localization of 
accessory splenic tissue might be suggested. 
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Polysplenia 
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Fig. 7.8 History: A newborn baby with heterotaxy syn- 
drome and cardiac malformations that included patent 
ductus arteriosus, patent foramen ovale, and interrupted 
inferior vena cava was evaluated. Study report: Anterior 
and posterior planar images (a) and volume-rendered 


SPECT projections (b) show accumulation of DRBCs in 
three small adjacent spleens, ectopically located in the 
right upper abdomen (arrows). Impression: The findings 
are consistent with polysplenia associated with left het- 
erotaxy isomerism 
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Representative Case Examples 
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anterior 


Fused SPECT/CT 


Fig. 7.9 History: An 18-year-old girl with ITP under- 
went elective splenectomy because of life-threatening 
thrombocytopenia. The thrombocytopenia persisted 
despite the surgical removal of the spleen. Explorative 
laparotomy did not reveal any residual or ectopic splenic 
tissue. Study report: Planar views of the abdomen and 
lower chest (a) show a number of foci of DRBC uptake in 
the posterior upper abdomen, adjacent to the left posterior 


Transaxial SPECT 


Volume rendered posterior projection 


lower ribs (arrows). SPECT/CT (b) was performed to bet- 
ter localize the sites prior to re-exploration and showed 
intense uptake in one of the splenic nodules adjacent to 
the upper left posterior abdominal wall. Impression: 
Evidence for residual splenic tissue that was either not 
removed at previous surgery or represents splenosis due to 
auto-implantation of splenic tissue that occurred during 
operation 
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Case 7.8. Polysplenia (Fig. 7.8) 


Case 7.9. Residual splenic tissue (Fig. 7.9) 


7.4 


Liver Blood Pool 
Scintigraphy 


Clinical Indications [19] 


Detection and evaluation of hemangiomas. 


Study Protocol for RBC Scintigraphy [20] 


Radiopharmaceutical, Administered 
Activity, Mode of Delivery 


Radiopharmaceutical: 


[°'™Tc]RBCs [21]. 

— In vitro labelling is the method of 
choice and should be employed when 
an adequate facility and proper radio- 
pharmacy practices are available 
1-3 ml of the patient’s blood is drawn 
anticoagulated with heparin or acid 
citrate dextrose (ACD). 

— RBCs are labelled with a commer- 
cially available preparation according 
to the manufacturer’s instructions. 


Activity: 


Minimum dose 74 MBq (2 mCi), maxi- 
mum dose 740 MBq (20 mCi). 

Refer to the EANM pediatric dosage 
card and to the North American consen- 
sus guidelines on radiopharmaceutical 
administration in children in the respec- 
tive EANM and SNMMI and image 
gently web sites. 


Reference to national regulation guide- 


lines, if available, should be considered. 


Acquisition Protocol [18, 22]: 


Imaging is performed in the supine 
position. 

Collimator: low energy, high- or 
ultrahigh-resolution parallel hole. 
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Acquisition Parameters: 

e Dynamic study: 1 second/frame x 60, 
matrix 128 x 128, size-appropriate 
zoom. 

e Early blood pool static images follow 
the dynamic study. Multiple projections, 
anterior, posterior, RAO, LAO, and lat- 
eral views optional, 3—5 mins per view, 
matrix 256 x 256. 

e Late static blood pool images 2 h after 
tracer injection in same projections, 
with same parameters. 

e SPECT (or SPECT/CT when available) 
of the liver follows the late static images 
with 120 projections, 25 seconds/step, 
matrix 128 x 128, and appropriate zoom. 

e Late whole-body images to assess for 
additional hemangiomas. 


Study Interpretation 


e Foci of increased tracer accumulation on the 
late blood pool planar or SPECT images are 
likely to represent hemangiomas. 

e Large hemangiomas in the liver may appear 
photopenic on early blood pool images due to 
slow blood flow. 

e SPECT/CT or software fusion of SPECT with 
CeCT is recommended to ascertain correspon- 
dence between anatomical and radionuclide 
findings. 


Correlative Imaging 


— Small hemangiomas are better evaluated with 
contrast CT or MRI. 

— Contrast-enhanced US may be useful to char- 
acterize these solid lesions. 

— MRI may also help to characterize these 
lesions. 
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d Flags 

Injection of in vitro labelled RBCs requires 
extreme caution to ensure that the blood is 
injected into the patient from whom it was 
drawn. To reduce the chance of misadminis- 
tration it is advised to avoid booking more 
than one in vitro labelled RBC study per 
session. 

Inadequate RBC labelling may result in dis- 
sociated Pertechnetate with visualization of 
the thyroid gland and stomach. 

The ability to detect hemangiomas depends on 
their size and location. Lesions smaller than 
1.5 cm in diameter may not be evident, espe- 
cially when situated in regions with high 
blood pool activity. 
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Take Home Messages 


e The study is specific for lesions with high 
blood pool and is useful in distinguishing 
them from other space occupying lesions. 

e RBCs cannot distinguish between subtypes of 
hemangiomas or between hemangiomas and 
hemangiosarcomas. 

e SPECT or SPECT/CT can improve the accu- 
racy of the study and diagnostic confidence in 
the evaluation of lesions suspected of 
hemangiomas. 

e Hemangiomas can be multifocal, especially in 
infants. It is advised to perform a whole-body 
late blood pool scan to screen for additional 
hemangiomas throughout the body. 
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Representative Case Examples 


Case 7.10. Liver Hemangioma (Fig. 7.10) 


anterior 


Fig. 7.10 History: A newborn in whom prenatal US 
detected a large mass in the left lobe of the liver confirmed 
on postnatal US was referred for RBCs scan since a 
hepatic hemangioma was included in the differential diag- 
nosis. Study report: Late anterior and posterior planar 
images (a) show high physiologic activity in the splenic 
blood pool. A previously performed contrast-enhanced 
(ce) CT (b, left image) shows an enhancing mass (arrow) 
in the left hepatic lobe displacing the spleen posteriorly. 
SPECT (b, middle image) and co-registered SPECT-ceCT 
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Check 


Genitourinary Tract 
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Dynamic Renal Scintigraphy 


Clinical Indications [1] 


Children with a dilated urinary tract, to 
exclude obstruction. 

Renal transplant evaluation. 

Suspected renal arterial and venous thrombo- 
embolic disease. 

Suspected renal trauma. 

Renal length/volume asymmetry at ultrasound 
(US). 


Pre-Exam Information 


History of a recent urinary tract infection 
(UTD? If so, when was the last episode? 
Does the child have an ectopic kidney? 

Can the child void on demand? Is the patient 
toilet trained? 

Is this a baseline or follow-up investigation? 
What are the US results? 

Has the serum creatinine been tested? What is 
the value? 
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Study Protocol for Dynamic Renography [2] 


Patient Preparation 


Oral hydration is encouraged before 
arrival and may be sufficient in most 
situations. 

Place IV line to inject the radiopharma- 
ceutical and furosemide and intravenous 
(IV) fluids if required. 

IV hydration (volume expansion) is 
more reliable in diagnosing question- 
able cases of urinary obstruction. 

IV hydration in patients with no cardio- 
vascular contraindication is suggested 
to reduce the incidence of false-positive 
results. The suggested volume is 
15-20 ml/kg two-thirds of which should 
be given prior to furosemide administra- 
tion. The slow administration of fluid is 
continued during the remainder of the 
study. 

Assess bladder status. 

Toilet-trained children should be 
encouraged to urinate before position- 
ing them on the bed. 
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Radiopharmaceutical, Administered (DRF) from the geometric mean of 
Activity, Mode of Delivery anterior and posterior renal counts. 
Radiopharmaceutical: — Patients with renal transplants will be 


acquired in the anterior view. 
e [°™Tc]-mercapto-acetyl-triglycine 


(MAG3) or [?"Tc]-ethylene dicysteine Acquisition parameters 

(EC) are preferred as being tubular Two acquisition protocols based on the 

agents. timing of furosemide (F) administration 
e Alternative: [°°™Tc]diethylene-triamine can be used: 

pentaacetate (DTPA), a glomerular 

radiotracer. e F-0 protocol: The radiopharmaceutical 


Activity: 


e MAG3: 3.7-5.55 MBq/kg (0.10- 
0.15 mCi/kg), with a minimum dose of 
15 MBq (0.40 mCi). 

e DTPA: 20-196 MBq (0.5-5.3 mCi) 

Refer to the EANM pediatric dosage 
card and to the North American consen- 
sus guidelines on radiopharmaceutical 
administration in children in the respec- 
tive EANM and SNMMI and image 
gently web sites. 

Reference to national regulation 
guidelines, if available, should be 
considered. 


Acquisition Protocol 
Patient Positioning 


e Supine with the camera in the posterior 
position 

e Double check with a marker that the 
whole abdomen and pelvis (from 
xiphoid to symphysis pubis and lateral 
margins of the abdomen) are in the field- 
of-view (FOV) before starting the 
acquisition. 

— If there is a history of an ectopic kid- 
ney, ensure that it is in the FOV and 
acquire, whenever possible, anterior 
view images contemporary and in 
addition to posterior views and cal- 
culate the differential renal function 


and furosemide are injected together, 
followed by at least 20 mins of dynamic 
imaging at 10-15 s/frame, matrix 
128 x 128, size-appropriate zoom. 
F + 20 or F + 30 protocol: Following 
tracer administration, dynamic images 
are acquired as above for 20 or 30 mins, 
respectively. Furosemide is then admin- 
istered, and the second set of post- 
furosemide dynamic images is acquired 
for 20-30 mins. 

— The pre- and _post-furosemide 
dynamic images can be obtained as a 
single continuous acquisition or two 
separate acquisitions. In this second 
case, placing the child vertically for 
5-10’ may allow the kidney to empty 
enough, at physician’s judgement, to 
avoid furosemide administration and 
shorten the scan time. 

— Whenever the pelvis is not full after 
20 or 30 mins furosemide adminis- 
tration should be delayed until the 
pelvis is filling up. 

The furosemide dose across all ages is 

1 mg/kg with a maximum dose of 

40 mg. 

The first minute of acquisition in both 

protocols can be acquired with a fast 

frame rate of 1-2 s/frame to allow eval- 
uation of kidney perfusion. 

A “late” image is mandatory to com- 

plete the study in both protocols if drain- 
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age is inadequate at the end of the 

post-furosemide dynamic sequence. 

— It is typically acquired at least 
45 mins from the start of the study. 

— It should be acquired after the patient 
empties his bladder, unless there is a 
bladder catheter in place, and after he 
has been in a vertical position for at 
least 10-15 mins. 

— Itcan be acquired as a static image or 
as a short sequence of dynamic 
images for 2 mins which will allow 
more straightforward incorporation 
of this data into the renogram if 
desired. 

e Alternatively, a 1-min static image can 
be acquired at the end of the post-furo- 
semide dynamic sequence while the 
patient is supine, followed by a second 
static image with similar acquisition 
parameters after the patient has been in 
the erect position for 10-15 mins. 


Dynamic Renogram Study Processing 
and Interpretation [3, 5] 


Study Processing 

e Check for movement. DRF calculations 
should be interpreted with caution in the pres- 
ence of motion. 

e Accepted methods for DRF calculations are: 

— Integral method using the area-under-the- 
curve (AUC) is preferred because it is less 
sensitive to patient’s motion. 

— the Rutland Patlak method. 

e Methodology: 

— Draw renal regions-of-interest (ROIs) 
around the visible renal parenchyma being 
careful not to “cut” the kidney and not to 
include the collecting system. Large ROIs 
containing the yet unfilled pelvis are not 
acceptable for the DRF calculation. 

— For MAG3 studies, the ROI is constructed 
on the 60-120 s summed image. 

— For DTPA, the ROI is constructed on the 
120-180 s summed image. 
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Left Background 


Right Background 


Fig. 8.1 Example of kidneys (red line for the left and 
pink for the right kidney) and background (purple on the 
left and blue on the right) ROIs 


e Background ROIs should sample activity 
originating in the liver and spleen. The recom- 
mended background ROI has to be inside the 
body outline, is  perirenal, semilunar, 
“C”-shaped, and samples activity surrounding 
both upper and lower poles (Fig. 8.1). 

e The Rutland Patlak method requires an addi- 
tional ROI drawn around the heart (blood 
pool), or, if the heart is not in the FOV, the 
spleen can be used. 


Renogram Processing Quality Control 

It is advised to perform the following quality 
assurance steps, mainly in infants and children 
with impaired renal function: Process the reno- 
gram more than once to check for reproducible 
values. (i.e., within 4%), modifying size and 
location of the background ROIs or the time 
interval selected for the calculation. 


Processing the Diuretic Response 
e The ROI used for the construction of the 
drainage curve and for analysis and calcula- 
tion of semiquantitative parameters: 
— Should be positioned on the summed 
images showing the maximal dilatation of 
the collecting system. 
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— Should include the entire collection sys- 
tem. In cases of hydroureteronephrosis, 
both the ureter and the pelvis should be 
included. 

— Ifthere is suspicion of concomitant uretero- 
pelvic junction (UPJ) obstruction, a second 
ROI covering only the pelvis should be 
placed. 

Many centers utilize a semi-quantitation tech- 
nique to measure the clearance/diuretic T1/2 
of the tracer over a 20-30 min period post- 
diuretic administration, defined as the time at 
which the TAC decreases to half of its maxi- 
mal activity. 

Guidelines on diuresis renography in chil- 

dren recommend using the normalized resid- 

ual activity (NORA) index for a 

semiquantitative assessment of drainage cal- 

culated as the decay corrected, post-diuretic 
residual kidney counts divided by the 

1-2 mins parenchymal counts [4]. 


— This ratio normalizes the residual activity 
to the parenchymal function of the kidney. 

— Typical time points for NORA calculation 
include the end of the post-furosemide 
dynamic sequence and, most importantly, 
the late, post-micturition, post-gravity- 
assisted image. 


Study Interpretation 


Assess the technical quality of the study as 
good or poor including whether there is exces- 
sive patient movement or interstitial and not 
IV injection of the radiopharmaceutical. 
Describe the images and renogram curves 
including: 

— The tracer uptake in each kidney at 
1-2 mins after the beginning of the study 
and the appearance of the kidneys on these 
images. 

— With MAG3, which is a cortical agent, 
assesses for the presence of cortical defects, 
for signs of duplications of the excretory 
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system (see Sect. 8.2) and if there are 
abnormal renal positions or shapes. 

— Measure DRF. 

— Assess the clearance of tracer activity from 
each kidney, whether there is prolonged 
cortical transit and pooling, as well as any 
delay in drainage from calyces, pelvis, and 
ureters. 

— If possible, identify the anatomic level of 
hold-up, i.e., the uretero-pelvic (UPJ) or 
uretero-vesical junction (UVJ). 

— State the time that furosemide was given 
and the presence or absence of a diuretic 
response using the NORA semiquantitative 
drainage assessment, with a value above 
1-1.5 at 60 mins being considered 
abnormal. 

— Assess the late post-micturition and post- 
gravity-assisted images to determine fur- 
ther drainage from the kidneys. 


Correlative Imaging 


US, CT, and MRI are not reliable in the assess- 
ment of renal function and in evaluation of 
drainage 

Correlation with the US is required when per- 
forming diuretic renography. 

At least one US should be performed prior to 
a renogram. 

US provides information such as uni- or bilat- 
eral disease, the size and position of the kid- 
neys and pelvis, presence of dilated calyces or 
cortical thinning, very useful in deciding on 
the optimal time for a baseline renogram and 
follow-up studies. 


Red Flags [6, 7] 


If the F + 0 protocol is planned and the child 
has an adequate oral fluid intake, a venipunc- 
ture with a 25-gauge needle and a three-way 
stopcock for saline flushing can be used when 
only very thin veins seem available. 


Genitourinary Tract 


The indwelling venous cannula may be 
inserted to maintain sufficient hydration for an 
excellent diuretic effect and obviate repeated 
trauma from multiple percutaneous 
injections. 

The Intravenous fluid solution type used for 
pre-test hydration should concur with the hos- 
pital’s regulations. 

In dysplastic kidneys with huge dilatation of 
the collecting system, when using the F+20 
or + 30 protocol, the pelvis may not be filled 
with tracer activity at the end of the first 
20-30 mins. 

The nuclear medicine technologist should 
stay next to the child, at least for the first 
5 mins of the renogram, to ensure that move- 
ment is kept to a minimum. Parents’/caregiv- 
ers’ help whenever possible is also welcomed. 
Motion artifacts, common in pediatric stud- 
ies, can introduce significant errors in half- 
time (T1/2) values, which should be therefore 
interpreted in conjunction with visual 
assessment. 

Accurate assessment of renal perfusion is dif- 
ficult in small children because of the small 
administered activity. 

Bladder catheterization is an option in non- 
toilet-trained children. It should be performed 
on a selective basis keeping in mind the 
unpleasant nature of the procedure and the 
small risk of infection. Antibiotic prophylaxis 
for the procedure is advised. Bladder catheter- 
ization should be performed by qualified, 
trained personnel. 

Insufficient hydration impairs adequate drain- 
age assessment. 

A full distended urinary bladder impairs drain- 
age assessment, increases the likelihood of 
vesicoureteral reflux (VUR) and causes a 
“pseudo-obstruction.” 

Drainage from hugely dilated systems or 
hydronephrotic kidneys with poor parenchy- 
mal function can be slow without any 
obstruction. The conclusion of obstruction 
should be avoided [8]. 
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When diuretic renography study suggests 

obstruction, pay attention to the cortical tran- 

sit time (CTT). A prolonged CTT means that 
the obstructed kidney has an increased risk of 
losing function and thereby there is a need for 

surgery [9]. 

MAG3 scintigraphy in children with normal 

renal function can identify major cortical 

abnormalities but can miss minor defects [10]. 

— Renal immaturity in neonates makes it essen- 
tial to use tubular agents such as MAG3. 

— In the presence of excessive movement 
during the first 1-3 mins of the study, if 
available, utilize a dynamic motion correc- 
tion program. 

— Looking at DRF values, check the correct 
drawing of background ROIs in case of 
apparent discrepancy between values and 
images. This is especially important in 
young infants with physiologic renal 
immaturity and in cases of impaired renal 
function. It may be also difficult in some 
infants with huge hydronephrotic kidneys 
abutting the abdominal wall. 

— Acute UTI can cause a transient drop in 
DRF. In children presenting with signs or 
symptoms of UTI or fever, it may be useful 
to do a urinary dipstick on the day of the 
study to ensure that there is no ongoing 
infection at the time of the investigation. 


Take Home Messages 


Diuretic dynamic renography provides essen- 
tial information for therapeutic decisions 
regarding surgical or conservative manage- 
ment of urinary tract dilatations. 

MAG3 and EC are tubular agents character- 
ized by higher extraction subsequently trans- 
lating into images with improved kidney 
contrast. This is of paramount importance in 
young infants with physiologic renal immatu- 
rity and in patients with compromised renal 
function. 
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DTPA is a glomerular radiotracer that can be 
an alternative radiopharmaceutical used only 
when tubular agents are unavailable. 

A fast 1 -s initial acquisition step is essential 
for evaluating transplanted kidneys but not 
necessary for the evaluation of urinary tract 
dilatation. 

A diuretic renogram can be performed at any 
age. In newborns, unless an urgent surgical 
procedure is considered, it is best to postpone 
the study up to the age of 30-45 days to allow 
for some renal maturation. 

In selected cases (e.g., single kidney with 
hydronephrosis and suspected obstruction), 
scintigraphy is often indicated before neph- 
rostomy tube placement, even in newborns. 
Guidelines on diuresis renography in infants 
and children recommend two acquisition pro- 
tocols based on the timing of furosemide 
administration. 

If there is a history of an ectopic kidney, 
ensure that it is included in the FOV and 
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acquire, whenever possible, anterior view 
images contemporary and in addition to poste- 
rior views using a dual-head camera to 
improve the accuracy of the DRF. 

It is mandatory to use the same radiopharma- 
ceutical and acquisition protocol, the same 
timing of furosemide administration and the 
same timing of the late post-void image in 
follow-up studies of the same patient. 
Bladder catheterization can be helpful in cases 
of hydro—/ureteronephrosis, high-grade (4—5) 
VUR, and neurogenic bladder, as these 
conditions may cause false-positive results for 
urinary obstruction. 

Good drainage at the end of the whole study 
has a high positive predictive value for the 
absence of obstruction. 

Slow drainage following furosemide chal- 
lenge might imply partial obstruction, but it is 
not specific. 

A T1/2 value of less than 15 mins has a high posi- 
tive predictive value in excluding obstruction. 
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Representative Case Examples 


Case 8.1. Normal Renogram (Fig. 8.2) 
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Fig. 8.2 History: A 6-year-old boy with recurrent UTIs 
and possible VUR performed a renogram following 
administration of MAG3 as a precursor for the indirect 
cystogram. Study report: There is good symmetrical 
uptake in both kidneys. No cortical defects are seen. The 
calyces, pelvises, and bladder are visualized 3 mins after 
tracer injection. There is good clearance of activity from 


the kidneys to the bladder, as shown on the summed 1 min 
images of the renogram. The DRF is normally balanced, 
left kidney 49%, right kidney 51%, and the perfusion and 
clearance curves are normal on the 1-2.5 min clearance 
image with drawn ROIs. Impression: This is a normal 
renogram 
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Case 8.2. Dilated Right Excretory System 
with no Evidence of Obstruction (Fig. 8.3) 


Study Date: 06-Sep-21 
= 25.RMBq (0.68 mCi) MAG3 
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Fig. 8.3 History: A 6-month-old boy with mild-to- 
moderate dilatation of the right excretory system, seen on 
serial US examinations, performed a diuretic renal scan to 
exclude obstruction. The patient was orally pre-hydrated 
and the study was performed with the F+0 protocol, furo- 
semide administered at a dose of 1 mg/kg. Study report: 
The dynamic phase over 25 mins shows mild-to-moderate 
dilatation of the right excretory system, with constant 


visualization of the ureter that appears minimally convo- 
luted. DRF is 52% on the left and 48% on the right. 
During the study acquisition there is good clearance of the 
tracer from both kidneys. The clearance curves confirm 
bilateral normal clearance, with tracer that has already 
cleared from the left side. Impression: There is no evi- 
dence of obstruction 
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Case 8.3. Hydronephrotic Kidney, Follow-Up 
after Pyeloplasty for UPJ (Fig. 8.4) 


r P 
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Fig. 8.4 History: A 1-month-old girl presented with 
severe right hydronephrosis, first detected on prenatal US, 
antero-posterior pelvic diameter (APD) 33 mm, further 
confirmed on postnatal US which showed an APD 23 mm 
and severe right renal parenchymal thinning. Study report: 
A MAG3 scan with the F+0 protocol was obtained (a), 
including a late post-void, gravity-assisted image at 45 
mins. The right kidney is enlarged and hydronephrotic. 
Cortical uptake is reduced, especially in the lower pole, 
DRF 39%. There is prolonged CTT to the large, hydrone- 
phrotic right renal pelvis with no drainage. The left kidney 
shows normal parenchymal uptake, DRF 61%. The 
diuretic renogram curve is rising. The left kidney shows 
good although slow drainage. There is a significant resid- 
ual activity in the right pelvis and a small residual amount 
in the left renal pelvis. The 45-min NORA value of the 
right kidney is elevated, 1.8. The findings are consistent 
with right hydronephrosis with reduced parenchymal 
function and markedly impaired drainage. The left kidney 
shows a normal function with tracer pooling in the pelvis 
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Post word 45 min 


but no evidence of a significant obstruction. The patient 
underwent a right pyeloplasty to relieve the UPJ obstruc- 
tion. Follow-up US studies showed a gradual reduction in 
the size of the right pelvis. A follow-up scan using the 
same study protocol was obtained 1 year later (b). The 
right kidney is normal in size with only a moderate pelvic 
impression. Cortical uptake has improved, DRF 43%. 
There is normal tracer accumulation in the right pelvis 
with good drainage. The left kidney shows normal paren- 
chymal uptake, DRF 57%. The diuretic renogram curve is 
near normal, with good drainage. There is a small, non- 
significant residual activity in the right pelvis and the 
45-min NORA value of the right kidney is now normal, 
0.4. Impression: Following the findings of obstructive 
UPJ in the preoperative scan (a) and surgery to relieve the 
obstruction, a follow-up diuretic renogram (b) shows 
improved function and drainage of the right kidney with 
no evidence of residual obstruction. Normal left kidney 
with improved drainage as compared to the first study 
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Case 8.4. Hydronephrotic Kidney, 
Spontaneous Improvement (Fig. 8.5) 
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Fig. 8.5 History: A 1-month-old infant presented with 
right hydronephrosis, first detected on prenatal US, con- 
firmed on postnatal examination with an APD of 20 mm, a 
dilated calyceal system, parenchymal thinning (4 mm) and 
a renal longitudinal length of 64 mm versus 49 mm of the 
left kidney. Study report: A MAG3 scan with the F+0 pro- 
tocol was obtained, including late post-void, gravity- 
assisted image at 45 mins (a). During the first 3 mins of the 
study, the right kidney appears enlarged and hydrone- 
phrotic, with a good cortical uptake, DRF 43%. There is 
slow CTT to a large, hydronephrotic right pelvis. The left 
kidney shows normal parenchymal uptake, DRF 57%. The 
diuretic renogram curve is rising with progressive accumu- 
lation of tracer in a huge right renal pelvis with no drain- 
age. In the "post-void image" (diaper was changed), there 
is a significant residual activity in the right renal pelvis and 
a small residual amount in the left renal pelvis. The 45-min 
NORA value of the right kidney is markedly elevated (>3). 
These findings suggest right hydronephrosis with pre- 
served parenchymal function and markedly impaired 
drainage, worrisome for UPJ obstruction. The left kidney 
shows fast and complete drainage. Following these find- 


ings, the infant entered a strict follow-up protocol. US per- 
formed at 3 months of age showed a decrease in the size of 
the right renal pelvis. The two kidneys had about the same 
longitudinal length, 56 vs 54 mm. A follow-up diuretic 
renogram using the same study protocol was obtained at 
the age of 4 months (b). During the first 3 mins of the 
study, there is improvement in the appearance of the right 
kidney showing a smaller renal pelvic enlargement and 
good cortical uptake, with an unchanged DRF of 46%. 
CTT to a less dilated renal pelvis is still longer than for the 
left kidney which shows normal parenchymal uptake, DRF 
54%. The renogram curve shows progressive tracer accu- 
mulation in the right renal pelvis with partial drainage. The 
left kidney shows fast and complete drainage. In the "post- 
void image," there is a reduced but significant residual 
activity in the right renal pelvis. NORA of the right kidney 
has decreased to 1.9 but is still abnormal. Impression: 
Right hydronephrotic kidney with preserved parenchymal 
function and markedly impaired drainage, worrisome for 
UPJ obstruction which improves on the follow-up study 
performed 3 months later. Normal functioning left kidney 
with no evidence for significant obstruction 
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Case 8.5. Duplicated Left Excretory System 
with Obstruction of the Upper Pole (Fig. 8.6) 
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Fig. 8.6 History: A 1-month-old girl presented with US 
findings of complete duplication of the left excretory sys- 
tem and left intravesical ureterocele with dilatation of the 
upper pole excretory system. Diuretic renal study was 
requested to quantify the function of the upper pole. The 
patient was orally pre-hydrated. Study report: The study 
was performed with the F + 0 protocol, with a dose of 
Furosemide of 1 mg/kg. The diuretic renogram (a) shows 
dilatation of the upper pole of the left kidney. DRF was 
56% on the left and 44% on the right. After about 8 mins 
there is a visualization of the left upper pole ureter that 
appears minimally convoluted. There is good clearance of 


the tracer from the right and the lower half of the left kid- 
ney, confirmed on the clearance curves. Note an artifact 
due to superimposition of the very full bladder to the 
background ROL A repeat second analysis was performed 
(b) drawing separate ROIs around the two left kidney 
moieties. Relative DRF was 55% for the lower and 45% 
for the upper pole. There is good clearance of the tracer 
from the lower half while the upper one does not satisfac- 
torily empty. Impression: The findings suggest obstruc- 
tion of the upper pole of the left kidney due to ureterocele, 
with preservation of the regional function. Ureterocoele 
incision was then performed 
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8.2 Renal Cortical Scintigraphy 


Clinical Indications [11-13] 


Diagnosis of acute pyelonephritis. 

Detection of renal scars after renal infection. 

Detection of renal dysplasia. 

Detection of renal ectopia and/or fusion, such 

as pelvic kidney, horseshoe kidney, crossed 

fused ectopy. 

Detection of renal infarcts. 

Confirmation of non-functioning multicystic 

dysplastic kidneys. 

Determination of parenchymal function: 

— DRF (one kidney relative to the other). 

— Upper vs. lower pole in cases of renal 
duplication. 


Pre-Exam Information 


History of tract 
abnormalities. 

History of prior UTIs, clinical suspicion of 
acute pyelonephritis. 

Serum creatinine levels. 
History of nephrolithiasis, 
trauma. 


Correlative imaging results. 


congenital urinary 


surgery, and 


Study Protocol for Renal Cortical 
Scintigraphy [14, 15] 


Patient Preparation 
e No patient preparation is required. 


Radiopharmaceutical, Administered 
Activity, Mode of Delivery 
Radiopharmaceutical: 
e [°°™Tc]dimercaptosuccinic acid 
(DMSA) is the agent of choice. 


Activity: 


¢ 1.85 MBq/Kg (0.05 mCi/Kg), minimum 
dose 18.5 MBq (0.5 mCi). 
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Refer to the EANM pediatric dosage 
card and to the North American consen- 
sus guidelines on radiopharmaceutical 
administration in children in the respec- 
tive EANM and SNMMI and image 
gently web sites. 

Reference to National Regulation 
Guidelines, if Available, Should Be 
Considered. 


Acquisition Protocol 


e Imaging at 2-4 h post tracer injection. 

e Collimator: parallel hole, low-energy, 
high or ultra-high resolution. 

e Position: supine. 

e Static images for minimum 300 Kcounts 
each or pre-set time of 5 mins, matrix 
256 x 256 or different but allowing for a 
pixel size below 2 mm according to a 
FOV that should encompass the two 
kidneys (Fig. 8.7). 

e Views: posterior, right posterior oblique 
(RPO), left posterior oblique (LPO). 

e In cases of renal ectopy or malformation 
(e.g., horseshoe kidney), and specifi- 
cally for DRF calculations, an additional 
anterior view of the entire abdomen and 
pelvis is required (Fig. 8.8). 

e SPECT improves lesion detectability. 
Acquisition parameters: 120 projec- 
tions, 15 s/frame, matrix 128 x 128. 
Iterative reconstruction is preferred, 
especially in poor count studies. 

e In infants younger than 1 year of age, 
images acquired with a pinhole collima- 
tor (when available) can be obtained for 
100-150 Kcounts or a pre-set time of 
10 mins, although technically more 
demanding. 


Study Interpretation [7, 16] 
e Always based on at least a complete set of pla- 


nar images (posterior, left and right posterior 
oblique, anterior whenever acquired) in black 
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Fig. 8.7 Quality control of planar DMSA scan. Good 
quality images must show sharp renal outline and cortico- 
medullary differentiation 
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and white, white background, with DRF 
clearly indicated, rounded up to the unit. 
Assess location, size, and position of kidneys. 
Identify irregularities in tracer distribution 
within the renal parenchyma as well as num- 
ber and location of discrete cortical defects 
with and without associated volume loss. 
Calculate DRF, as a rule on posterior view 
only. 


Normal variants: 


Fetal lobulations in the renal contour are nor- 
mal in newborn infants. 

The lateral border of the left upper pole may 
appear flat due to the impression by the spleen. 
Columns of Bertin appear as areas of increased 
uptake. Their number and size differ from 
patient to patient. 

Elongated slender or pear-shaped kidneys 
which have different sizes of the transverse 
axis of the upper and lower poles. 
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Fig. 8.8 DRF measurements in patients with renal ectopy. Calculations are based on the geometrical mean of counts 


measured in both anterior and posterior images 
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Abnormal patterns: 


One or more regions of reduced tracer uptake 
with a relatively preserved renal contour can 
suggest pyelonephritis in the appropriate clin- 
ical context. 

One or more areas of reduced or absent tracer 
uptake in the renal periphery interrupting the 
renal contour with or without associated vol- 
ume loss suggest renal scar when the study is 
performed 6 months or more after the last 
UTI. 

Reduced, inhomogeneous uptake in a small 
kidney with a preserved outline suggests 
dysplasia. 


Correlative Imaging [17, 18] 


Correlation with US is essential to rule out 
structural abnormalities (e.g., renal cysts or 
hydronephrosis) on the DMSA scan. 

US is not reliable in the assessment of renal 
acute and chronic damage. 

CT implies a higher radiation burden and MRI 
is more complex and less available. 


Red Flags 


Air introduced into the DMSA vial may 
reduce renal uptake of the radiotracer and 
increase liver and background activities. 
Severe dilatation of the renal pelvis can result 
in abnormally retained activity. If significant 
tracer retention is noted in the renal collecting 
systems, additional late images up to 24 h are 
recommended for adequate evaluation of the 
cortex and in order to avoid possible inaccura- 
cies in the assessment of split renal function. 
Reconstruction and motion artifacts, occa- 
sionally seen on SPECT, should not be con- 
fused with cortical lesions. 

Pinhole images are highly sensitive to patient 
motion. 

Distinction between pyelonephritis, scars, and 
dysplasia is not always possible based on scan 
findings. It should also be noted that these 
conditions may coexist. 

Tubular congenital abnormalities Fanconi’s 
syndrome reduce uptake of DMSA but not of 
MAG3 [19]. 
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e For diagnosis of scars, the DMSA study 
should be performed at least 6 months after 
the last documented infection to determine if 
the cortex has healed or was permanently 
damaged. Scans performed earlier than 
6 months since the last UTI may be too early 
to identify true scarring. 


Take Home Message 


e DMSA binds to the proximal convoluted tubu- 
lar cells. The tracer shows high parenchymal 
concentration and minimal excretion into the 
renal collecting system. 

e DMSA scintigraphy is strongly integrated in 
evaluating children with UTI and guides man- 
agement decisions. It is the best modality to 
determine both transient and permanent corti- 
cal damage. 

e In order to diagnose acute pyelonephritis an 
“acute” cortical scan should be performed 
within 7 days of the onset of an acute febrile 
UTI. 

e Images performed with a pinhole collimator 
can substitute for SPECT. They provide true 
optical magnification and superior spatial res- 
olution, improving the detectability of subtle 
cortical lesions. 

e Interpretation of DMSA studies with knowledge 
of US findings is strongly recommended. 

e OnaDMSA scan, the DRF is calculated as the 
ratio between the total counts inside the ROI 
in each kidney and the total counts in both 
renal ROIs after relative background 
subtraction. 

e Duplication of the renal collecting system is 
not uncommon. Complications of this malfor- 
mation typically include VUR to the distal 
collecting system with varying degrees of 
hydronephrosis, and possible cortical dyspla- 
sia or abnormal insertion (ectopic, ureterocele) 
of the upper pole ureter. The differential func- 
tion of each pole can be calculated from 
appropriate ROIs and is useful when surgical 
resection is considered. 

e Both MAG3 and DMSA provide equally 
accurate DRF [20]. 
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Representative Case Examples 


Case 8.6. Small Left Kidney with Scars 
(Fig. 8.9) 


kiad 
Err posterior anterior 


Fig. 8.9 History: A 5-year-old girl with a history of irregular contour. There are multiple peripheral defects in 
recurrent UTIs and a renal US reported as normal was the cortical outline accompanying volume loss of the left 
referred for DMSA scintigraphy to assess for the presence kidney, best depicted on the coronal SPECT slices (b). 
of parenchymal scarring. Study report: Anterior and pos- Impression: Small left kidney with multiple scars 

terior planar images (a) show a small left kidney with an 
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Case 8.7. UTI with Progression of Bilateral 
Renal Scars (Fig. 8.10) 


«> 
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Fig. 8.10 History: A 4-year-old girl with recurrent UTIs 
and VUR had been lost to follow-up and returned to the 
clinic after 4 years with an ongoing history of infections. 
Study reports: the first DMSA study, anterior and poste- 
rior planar images (a) and coronal SPECT slices (b) show 
a small cortical defect in the lower pole of the right kidney 
(arrow) consistent with a small renal scar. The left kidney 
appears normal. The DRF of the right kidney is 43% and 
on the left 57%. On a follow-up DMSA study performed 
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4 years later planar images (c) and coronal SPECT slices 
(d) show decreased, inhomogeneous tracer uptake in the 
right kidney with multiple peripheral cortical defects 
(arrows). An additional cortical peripheral defect is noted 
in the lateral aspect of the upper pole of the left kidney 
(arrow). The DRF of the right kidney has dropped to 14%. 
Impression: Significant scarring has occurred in both kid- 
neys in the 4-year time interval from the baseline study 


p 
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Case 8.8. Acute Pyelonephritis (Fig. 8.11) 


LT RT 


55% 45% 


Fig. 8.11 History: A 4-year-old girl was referred for 
scintigraphy due to recurrent UTIs. The first DMSA scan 
was performed more than 6 months after the last infection. 
Seven months later she was hospitalized with high fever 
most probably due to a new UTI. An “acute” DMSA scan 
was performed during her hospitalization and compared 
to the previous study. Study reports: the first DMSA study 


posterior 


g ` 32 q¢* LR 


SPECT 


Fig. 8.12 History: A 2-year-old boy presented with left 
duplex collecting system. The lower collecting system 
was severely hydronephrotic. A DMSA scan was obtained 
to assess the parenchymal function of the lower pole. 
Study report: Anterior and posterior planar images (a) and 
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Case 8.9. Non-functioning Left Lower Renal 
Pole (Fig. 8.12) 


LT RT 


63% 37% 


planar posterior view (a) demonstrates a normal DMSA 
uptake pattern. The second study, the “acute” DMSA 
scan, planar posterior view (b) shows new areas of 
decreased uptake (arrows) in the right kidney with pre- 
served renal contour. The right kidney DRF has decreased 
from 45% to 37%. Impression: The findings on the second 
DMSA study are consistent with acute pyelonephritis 


anterior 


a | 


coronal SPECT slices (b) show a sharp demarcation 
between the upper and lower poles of the left kidney. The 
upper pole has normal cortical uptake, whereas the lower 
pole shows no uptake and function. Impression: Non- 
functioning lower pole of left kidney 
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8.3 Glomerular Filtration Rate 


Radionuclide Measurement 


Clinical Indications 


Chronic renal failure 
transplant. 

Post renal transplant evaluation. 

Patients receiving nephrotoxic chemotherapy/ 
immunosuppressive therapy. 

Bilateral renal disease. 


Solitary kidneys. 


prior to kidney 


General Principles for Glomerular 
Filtration Rate (GFR) Measurements [21] 


GFR can be quantified by measuring the clear- 
ance rate of a substance from the plasma pro- 
vided that the substance: 

— Is freely filtered in the glomerulus. 

— Does not bind to plasma proteins. 

— Is not secreted or reabsorbed by the renal 
tubules. 

Clearance of the substrate calculation: divide 

the injected dose by the area under the clear- 

ance curve. 

Simplified routine clinical calculation meth- 

ods in children: 

— The “slope-intercept method”: requires 
two blood samples at 2 and 4 h after tracer 
injection. 

— The “distribution volume” method: 
requires a single blood sample 110- 
130 mins after tracer injection. This method 
is more practical in young children, avoid- 
ing repeated venipunctures. It is considered 
less accurate than the two-sample methods 
when GFR is expected to be <30 ml/ 
min/1.73m7?. 


Study Protocol for GFR Measurements 
[21-23] 


Patient Preparation 

e Avoid high-protein meals and strenuous 
exercise at least 12 h prior to the study. 

e Adequate hydration. 
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e Measure height, weight, and serum 
creatinine. 

e Explain that the test involves more than 
one venipuncture. 

e Equipment needed: 
— Ascientific scale 
— Volumetric flasks 
— Acentrifuge 
— A well-counter 

Radiopharmaceutical, Administered 

Activity, Mode of Delivery 
Radiopharmaceuticals: 


e [™Tc]diethylenetriaminepentaacetic acid 
(DTPA) is widely available. 

e [>'CrJethylenediaminetetraacetic acid 
(EDTA) is the best agent but has limited 
availability. 


Activity: 


e [™Tc]DTPA: Adjust the dose accord- 
ing to the patient body surface area 
(BSA) obtained from height and weight: 
— For simple GFR estimate: 30 MBq 

(0.8 mCi, adult dose) x (patient 
BSA/1.73 m°). 

— For simultaneous GFR and DTPA 
dynamic renal scan: 120 MBq 
(3.2 mCi, adult dose) x (patient 
BSA/1.73 m°). 

¢ ["Cr]EDTA: 1.85 MBq (0.05 mCi). 

Refer to the EANM pediatric dosage 
card and to the North American consen- 
sus guidelines on radiopharmaceutical 
administration in children in the respec- 
tive EANM and SNMMI and image 
gently web sites. 

Reference to National Regulation 

Guidelines, if Available, Should Be 

Considered. 
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GFR Step-by-Step: The Single Blood 
Sample Using the “Weight” Method” 


1. Check radiopharmaceutical purity, discard if 
<98%. 

2. Draw up patient dose according to BSA and 
prepare a “standard” with 20 MBq. 

3. Weigh full syringes (patient dose and stan- 
dard), equipped with their capped needle. 
Record the values. 

4. Dilute standard by expelling the syringe con- 
tent into a volumetric flask containing a 
known, exactly measured amount of water 
(usually 500 ml). 

5. Weigh the empty standard syringe, equipped 
with the same capped needle. Record the 
value. 

6. Injecting the activity is the critical step! 
Administer the dose through a secure IV 
line. Flush the line carefully before injecting 
the activity to ensure that the line is patent 
and that the injection will not be an intersti- 
tial one. 

7. Inject the activity into the patient without 
rinsing the syringe, taking care to inject the 
entire volume, flush the IV line with at least 
10 ml saline. 

8. Document the time of injection. 

9. Weigh the empty patient’s syringe, equipped 
with the same capped needle and Record the 
value. 

10. Note the site of injection—do not draw sub- 
sequent blood from this area (preferably use 
the opposite arm for the blood sample). 

11. Draw a blood sample between 110 and 
130 mins after tracer injection for children 
using vials with an anticoagulant (like the 
ones used for blood cell count). Try to get at 
least 5 ml of blood, allowing enough plasma 
for duplicates. 

12. Accurately record the time that the blood 
samples were taken. 


GFR Single Blood Sample Processing 


e Centrifuge the blood samples at 3000 rota- 
tions/min for 5 mins to separate the plasma 
and blood cells. 
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Count the following duplicate samples in the 
well counter for enough time to get at least 
100 Kcounts for each sample and 500 Kcounts 
for each standard. 

Counting times can be different and must 
always be registered. 

— 1 mlof your standard solution x 2. 

— 1 mlof the plasma sample x 2. 

Always use the same volume in all the sam- 
ples. The duplicates allow for an essential 
quality control step. If the total counts (not 
counts/min) in the two duplicates differ 
significantly, it is an alert of technical difficul- 
ties, i.e., different volumes drawn with the 
pipette. 

A recount of all samples is usually the first 
step in troubleshooting. 


GFR Calculation 


Apply background corrections to all the 
measurements. 

Use the mean values of the two samples in the 
calculations. 

Standard counts are multiplied by the volume 
(ml) used for dilution. 

Determine injected activity. This calculation 
is necessary because the injected dose that 
was counted with an external dose calibrator 
needs to be calibrated to the plasma sample 
that was counted with a well counter. 

Use the following formula: injected activity 
weight divided by net standard weight.standard 
counts. 

Calculate the volume of distribution (VOD, 
ml) as: 


Counts injected (counts / min) 


Counts of the plasma sample (counts / min). 


Calculate the GFR using Ham & Piepsz’s for- 
mula GFR (ml/min) = 2.602 *VOD(120) - 
0.273 [24]. 

Whenever the blood sample is not obtained at 
exactly 120 mins after the injection, the counts 
of the sample must be corrected: P(120) = P(t)* 
e [0.008*(t-120)], where: t = time of sampling 
in mins after tracer administration. 
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Fig. 8.13 Excel sheet including all measured parameters and calculations made with the creatinine-based method 


8-12 months 83 + 17 ml/min/1.73 m? BSA. 
12-18 months 92 + 18 ml/min/1.73 m? BSA. 
18-24 months 95 + 18 ml/min/1.73 m? BSA. 


e Normalize to 1.73 m? BSA. ° 

e Despite the apparent complexity, data inputis e 
simple once if the math is put into an Excel e 
sheet, where calculations made with the 


creatinine-based method can be also inserted Red Flags 
and compared (Fig. 8.13). e Reproducibility of the GFR measurement 
should be: 


— 4.1% in patients with a GFR > 30 ml/min. 
— 11.5% in patients with a GFR < 30 ml/ 


min’. 


GFR Quality Control 


Step 1: Check that the samples counted in the 
counter do not differ significantly. Calculate 
the standard error. The difference between the 
two samples should not exceed 3%. 

Step 2: Check the volume of distribution. It 
should be around 20-30% of body weight. 
The study should be repeated if it is less than 
15% or more than 40%. 


Normal Values [25]: 


Normal GFR values are 104 + 20 ml/ 


min/1.73 m? body surface area (BSA), in the age 
range 2-15 years. 


Below 2 years of age: 


1—4 months 62 + 14 ml/min/1.73 m? BSA. 
4-8 months 72 + 14 ml/min/1.73 m? BSA. 


The precision of the calculation can be ham- 
pered in severely dehydrated or edematous 
patients because the radiopharmaceutical dif- 
fuses into the extracellular space. 

Recent IV fluids, e.g., fluid loading before 
chemotherapy, may also affect the study. 
Single sample methods are less precise when 
GFR is below 30 ml/min/1.73 m’BSA. On the 
other hand, their best use is in evaluating lon- 
gitudinal loss of renal function before an overt 
chronic kidney failure is evident. 


Take Home Message 


e A detailed protocol of the two methods is 


available in the EANM guidelines for glomer- 
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ular filtration rate determination in children 
[26]. 

Clinical GFR measurements are based mainly 
on serum creatinine levels, an endogenous 
catabolite derived from muscle protein. 
However, this test becomes abnormal only 
when about 50% of the renal function is lost. 
False positives occur in people with large 
muscle masses and false negatives in patients 
with muscle wasting. 

Biochemical GFR calculations based on 
serum and/or urinary creatinine levels are less 
accurate [27]. 

The most accurate radionuclide GFR mea- 
surement method is based on the plasma dis- 
appearance curve after a single bolus injection 
of a glomerular tracer. Gamma camera meth- 
ods are less reliable [22, 23]. 

EDTA is the best radiotracer due to the tight 
binding of the two components. 

It is possible to administer EDTA together 
with MAG3 for dynamic renal scan; in this 
case count the samples after complete decay 
of the 99 mTc. DTPA can be used (dose 
adjusted) for GFR measurements followed by 
a dynamic renal scan. 


8.4 Direct Radionuclide 


Cystography (DRC) 


Clinical Indications [28, 29] 


Detection of VUR in children after UTI. 
Follow-up of children with known VUR. 
Assessment of the results of endoscopic or 
surgical treatment. 

Screening of siblings of children/parents with 
proven VUR. 


Pre-Exam Information 


Knowledge of clinical history, biochemistry, 
and urinalysis results, previous imaging 
results. 

Determine whether the patient may need 
sedation. 

Whether uroculture has been performed dur- 
ing the week before the procedure and if it is 
negative. 
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Study Protocol for Direct Radionuclide 
Cystography [28, 30] 
Patient Preparation 
Preparation prior to bladder 
catheterization 


e Explain to the child, parents, or carers 
about the procedure. Continued com- 
munication, reassurance, and explana- 
tion of each step is essential for a 
successful study. 

e A quiet, dimly lit room, watching TV, or 
reading a story, a calming effect can be 
produced, making sedation rarely 
necessary. 

e The child may be instructed to void 
immediately prior to catheterization, if 
the residual volume is measured by 
catheterization rather than by computer 
analysis. 

e Ensure the child has adequate antibiotic 
coverage for the procedure. 

e Calculate theoretical bladder volume to 
avoid overdistension, mainly in children 
with a neurologic bladder [31]. 

— Infants <1 year: Capacity 
(ml) = (2.5 x age [months]) + 38. 

— Older children >1 year: Capacity 
(ml) = (2 + age [years]) x 30. 


Catheterization Technique 


e Performed by qualified personnel. 

e Catheter: usually use a feeding catheter 
without a balloon that will comfortably 
pass the meatus (6 French-gauge). 

e A urine specimen can be taken for 
culture. 


Radiopharmaceutical, Administered 
Activity, Mode of Delivery 
Radiopharmaceutical: 


e [P™Tc]DTPA. 
Activity: 


e 20 MBq (0.5 mCi) followed by 100- 
500 ml saline according to bladder esti- 
mate volume. 
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Refer to the EANM pediatric dosage 
card and to the North American consen- 
sus guidelines on radiopharmaceutical 
administration in children in the respec- 
tive EANM and SNMMI and image 
gently web sites. 

Reference to national regulation 
guidelines, if available, should be 
considered. 

Delivery: 


Through the catheter at the beginning of 
the filling by a 3-way stopcock. 

The bottle of warm saline should be 
placed no higher than 80 cm above the 
head of the patient. 

Let the saline run at about 100 drops/ 
min. 


Acquisition Protocol 


Cover the detector with plastic and dia- 
per to avoid contamination during 
micturition. 

Position: the camera is positioned poste- 
riorly to the patient lying supine. 
Collimator: general purpose or high- 
sensitivity low-energy parallel hole are 
preferable if available. 

Filling phase: dynamic images at a rate 
of 5 s/frame for a total of 600 s, matrix 
128 x 128. 

Voiding phase (using the same parame- 
ters as for filling phase): another 600 s. 
If the child is cooperative, acquire at 
least ten frames before the beginning of 
voiding and ten frames after the end. 
Non-toilet-trained children usually void 
without a problem with the catheter in 
place. In toilet-trained ones it is better to 
remove it for achieving more child 
comfort. 

Residual volume in the bladder can be 
calculated by a 30-s anterior pre- and 
post-void image using these images. 
All acquisition sequences can be 
repeated until the filling, or the voiding 
is completed. 
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Study Processing 


e Set the image window so that a “cloud” 
of scatter activity is seen around the 
bladder during the filling phase. 

e Visual assessment: if present VUR is 
readily seen, always evaluate the study 
by lowering and increasing the 
windowing. 

e Quantitative techniques: measure the 
activity/ml and can evaluate the degree 
of VUR, bladder volumes, and voiding 
flow rates. 

e Quantitation of post-void residual vol- 
ume requires recording the volume of 
voided urine. 


Study Interpretation 


Radionuclide classification of VUR is based 

on the location of the radiotracer activity: 

— Mild reflux: in the ureter. 

— Moderate reflux: in the non-dilated collect- 
ing system and ureter. 

— Severe reflux: in dilated collecting system 
and ureter. 

Record the volume of saline infused. 

An estimate of the residual volume can be 

made if the child voided just before the begin- 

ning of the study and the voided volume is 

recorded. 


Correlative Imaging 


Fluoroscopic voiding cystourethrography 
(VCUG) has been the standard for detection 
and classification of VUR utilizing a 5-point 
scale. It is the best method to visualize the ure- 
thra in males and especially for detection of 
posterior urethral valves. It does require direct 
bladder catheterization and utilizes fluoros- 
copy to view bladder filling and presence of 
reflux. The bladder can be filled more than 
once but because of use of fluoroscopy there is 
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potential for a significantly increased radia- 
tion exposure to the child [32, 33]. 

More recently the use of US contrast-enhanced 
voiding cysto-sonourethrography has been 
proposed as a replacement for previous tech- 
niques. It employs US without radiation expo- 
sure but still requires direct bladder 
catheterization. The posterior urethra can be 
adequately visualized when multiple cycles of 
bladder filling can occur. Like many US tech- 
niques, it is highly operator-dependent, and 
the learning curve and scanning time are lon- 
ger in comparison to both X-ray and radionu- 
clide methods [34]. 


Red Flags 


It is wise to have 2 or 3 radiotracer doses ready 
at the start of the procedure. 

Check all the tube connections to avoid 
spilling. 

Beware of contamination of diapers and 
dresses in non-toilet-trained children, espe- 
cially if micturition happens at full bladder 
filling. 

High-resolution collimators can be used if 
there is no choice; modern cameras are sensi- 
tive enough to warrant a full diagnostic study. 
Quantitative techniques are not necessary for 
a fully diagnostic study and require a careful 
methodology. 

Calculation of bladder volume can be affected 
by bladder geometrical changes during filling/ 
voiding. 

If a syringe, although small, is used for push- 
ing the radionuclide into the catheter, resis- 
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tance should not be forced because, although 
very rarely, the catheter can enter a very 
dilated, the so-called “golf-hole,’ ureteral 
meatus. 

e Sometimes, older non-toilet-trained children 
may feel such subjective pain during the first 
attempt to void with the catheter in situ that 
they will subsequently refuse to void for many 
hours. In this case, it is up to the caring physi- 
cian to decide when to stop the scan (normally, 
do not wait for more than | h). 


Take Home Message 


e DRC is the most common nuclear medicine 
study to evaluate VUR. It has a low radiation 
dose and high sensitivity as compared to both 
voiding cysto-ureterogram and the indirect 
scintigraphic technique [35]. 

e VUR classification on radionuclide DRC dif- 
fers from the radiographic classification. 

e Do not perform DRC in children, mainly 
males, in whom US does not exclude anatomi- 
cal bladder abnormalities. 

e DRC is the preferred radionuclide procedure 
for assessing VUR in children who are not 
toilet-trained or those on whom clean inter- 
mittent catheterization (CIC) is performed. 

e DRC allows for repeated cycles of bladder fill- 
ing and voiding. This improves the detection 
of reflux in children with intermittent VUR 
[B3]: 
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Representative Case Examples 


Case 8.10. Bilateral VUR (Fig. 8.14) 


Fig. 8.14 History: A 
4-year-old girl with 
recurrent UTI. Study 
report: During the filling 
phase (a, volume 

250 ml) VUR is 
detected, more evident 
on the left side, 
persisting during the 
voiding phase (b), also 
seen on the post-void 
image (c). Impression: 
Bilateral moderate VUR 
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Case 8.11. High-grade unilateral 
VUR (Fig. 8.15) 


2 


+ 


Fig. 8.15 History: 1-year-old girl had a DRC performed 
one month after a febrile UTI. US had been reported as 
normal. Study report: After clean catheterization, the 
radiopharmaceutical was injected through the bladder 
catheter, followed by warm saline. A series of 5 s sequen- 
tial frames was acquired, starting at the time of tracer 
administration. Selected frames show during the late fill- 
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ing phase, a left-side VUR which increases (arrow) during 
the voiding phase. The reflux activity returns to the blad- 
der after the end of the voiding, although incomplete. A 
second voiding phase without a new increase of the resid- 
ual intra-pelviureteric activity is visible in the last three 
images. Impression: Unilateral active and passive severe 
VUR 
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Case 8.12 Intermittent unilateral VUR 
(Fig. 8.16) 
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Fig.8.16 History: Four-year-old girl. The first episode of 
febrile UTI 3 months prior to current study, had an early 
relapse after the end of the 2-weeks course of antibiotic 
therapy. Study description: After clean catheterization, the 
radiopharmaceutical was injected through the bladder 
catheter, followed by warm saline. A series of 5-s sequen- 
tial frames were acquired, starting together with the 
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administration. Grouped 10-sec images are shown. In the 
early filling phase, a left-side VUR is detected, randomly 
increasing and decreasing during the bladder filling. No 
active reflux is visible during the voiding phase (blue 
box). Impression: Unilateral intermittent, passive, moder- 
ate VUR 
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8.5 Indirect Radionuclide 


Cystogram (IRC) e FOV—should include the kidneys and 
bladder prior to starting acquisition. 
Clinical Indications (in Toilet-Trained e Build a makeshift toilet in front of the 


camera (Fig. 8.17). 

— Girls: Put a bedpan on the seat of a 
backless chair. A parent/caregiver 
can help stabilize the patient on the 


Children!) [36-38] 


e Recurrent UTIs and suspected VUR. 


e Known VUR, for follow-up of disease status. 


Study Protocol for Indirect Radionuclide 
Cystography [29, 36] 


Patient Preparation 


e The child should be cooperative and toi- 
let trained. 

e The child should have a relatively nor- 
mal renal function. 


Radiopharmaceutical, Administered 
Activity, Mode of Delivery 
Radiopharmaceutical: 


e [°™Tc]MAG3. 
Activity: 


e 3.7-5.55 MBq/kg (0.10-0.15 mCi/kg). 

Refer to the EANM pediatric dosage 
card and to the North American consen- 
sus guidelines on radiopharmaceutical 
administration in children in the respec- 
tive EANM and SNMMI and image 
gently web sites. 

Reference to National Regulation 
Guidelines, if Available, Should Be 
Considered. 


Acquisition Protocol 


e The study is preceded by a standard 
renogram. 

e Collimator: the same as for the 
renogram. 

e Detector in an upright position. 


bedpan. 

— Boys: The patient stands and holds 
the urine bottle or his parent/care- 
giver does it for him. 


To improve privacy, only one or two 
technologists, preferably of the same sex as 
the patient, are in the room with the parents 
and patient. 

Acquisition Parameters 


e Dynamic study, 1-2 s/frame until the 
child has finished voiding, matrix 
128 x 128, using the same zoom as for 
the renogram. 

e NB: Acquire at least 30 s of images 
before the start of voiding and after. 

e To allow enough time, it is useful to set 
up the camera for 300 or even 600 s and 
stop the study once the urinary bladder 
has emptied. 

e Measure the volume of the urine passed, 
if the RV has to be calculated. 


Study Processing 

Methods for accurate assessment of 
VUR, eliminating errors that may lead to 
false positives: 


e Draw curves over the expected position 
of the kidney(s). True VUR is accompa- 
nied by a significant increase in counts 
in the kidney in question. 

e To calculate the residual bladder activity 
volume (when requested) ROIs have to 
be drawn over the bladder on micturi- 
tion images before and at the end of the 
void. Measure the volume of urine 
passed. 
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Example: 


e Before micturition, there are 600 counts 
in the bladder. 

e At the end of micturition 240 counts 
remain in the bladder. 

e The child passed 50 ml of urine. 

e Therefore, there were 360 counts in 
50 ml and thus: 1 ml contains = 7.2 
counts. 

e The residual volume of bladder urine 
activity = 240 (counts in bladder)/7.2 
(counts/ml) = 33 ml. 


Study Interpretation 


e The report of the indirect cystogram is pre- 
ceded by the report of the renogram. 

e Ideally, there should be little activity in the 
kidneys at the start of an IRC. 

e Look at the renogram images because some- 
times a passive reflux can be seen toward the 
end of the study when the bladder is filled and 
the kidneys empty. Assess whether: 
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— No reflux is seen on the IRC. 

— Reflux of a large/small volume is seen in 
the left or right or both kidneys. 

— The reflux starts before or at the time of 
micturition. 

— The refluxed activity drains promptly from 
the kidney to the bladder or whether it per- 
sists in the affected kidney. 

— Bladder emptying is complete or incom- 
plete. If measured, note the amount of urine 
passed by the child and the amount that 
remained in the bladder at the end of 
micturition. 


Correlative Imaging [1] 


e Same as for DRC (see Sect. 8.4). 

e In doubtful cases, especially in children with 
renal damage, it is suggested to perform a 
VCUG or DRC. 


Red Flags [1, 38] 

e The technologist usually starts the acquisition 
once the patient is comfortably seated and 
positioned. In case of poorly cooperative chil- 


Fig.8.17 Makeshift gender-adapted toilet in front of the camera. For girls (left) there is a bedpan on the seat of a back- 
less chair. For boys, the patient stands and holds the urine bottle (right) 
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dren, it may be necessary to start during 
patient positioning. 

To avoid missing the void the technologist 
instructs the child to void only after the 
acquisition has started and after he/she tells 
him to do so. 

The child should stay as still as possible dur- 
ing the void. 

The study is stopped once the child has fin- 
ished passing urine. 

Diuresis with furosemide may decrease the 
sensitivity of IRC study in well-hydrated 
children. 

The lower target-to-background ratio with 
DTPA limits its use for IRC. 

In children with severe hydronephrosis or 
hydroureter clearance of activity from these 
systems may be slow and the high renal and 
collecting system activity can mask VUR. 
The test may be difficult to interpret if the 
patient has a pelvic kidney as the bladder may 
overlie the kidney. 

If there is still a considerable amount of blad- 
der activity, because of poor voiding or 
urgency without a complete upper urinary 
tract clearing, a second or even third cysto- 
gram can be performed later. 
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Take Home Messages 


e IRC is the only way to evaluate VUR without 
using a bladder catheter. It uniquely allows 
non-invasively evaluate the upper and lower 
urinary tract in a single session and is associ- 
ated with low radiation exposure to the patient 
and staff. The sensitivity of IRC is lower as 
compared to both VCUG and DRC. 

e Study processing is not mandatory, a qualita- 
tive assessment with a correct windowing is 
enough in the greatest majority of cases. 

e If there is still a considerable amount of activ- 
ity in the kidneys and the child does not need 
to void immediately, wait for the activity to 
clear from the kidneys. This improves the 
study outcome. 

e If the child wants to void, do an indirect cysto- 
gram and repeat when the bladder refills, 
sometimes 2-3 cystograms can be performed 
following one renogram in children with 
incomplete voiding or discrete retention of 
urine into the upper excretory system. 
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Representative Case Examples 


Case 8.13. Normal Indirect Radionuclide 
Cystography (Fig. 8.18) 


Fig.8.18 History: A 5-year-old boy with recurrent UTIs and a family history of VUR. Study report: The posterior IRC 
images acquired for 1 s/frame show no evidence of reflux and complete bladder emptying. Impression: Normal study 
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Case 8.14. Positive Indirect Radionuclide 
Cystography (Fig. 8.19) 
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Fig. 8.19 History: An 11-year-old with bilateral VUR 
grade 3—4 diagnosed at 1 year of age. On US his left kid- 
ney was smaller than the right one. He was followed con- 
servatively and remained asymptomatic for 10 years. 
Following a doubtful febrile UTI a renogram followed by 
an indirect cystogram was performed Study report: 
Parenchymal phase posterior images of the renogram (a) 


showed a small left kidney with a DRF of 32%, and a 
normal right kidney with a DRF of 68%. On IRC (b) 
reflux into the left kidney is seen when the child starts to 
void (arrows). Bladder emptying is complete. Impression: 


Small left 
micturition 


kidney with moderate reflux during 
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Case 8.15. Non-functioning Left Kidney with 
Reflux (Fig. 8.20) 
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Fig. 8.20 History: A 7-year-old girl with recurrent UTIs. 
On US her left kidney is small and hydronephrotic. A 
renogram followed by an indirect cystogram was per- 
formed. Study report: On posterior images of the reno- 
gram (a) acquired for 2 s/frame, perfusion and uptake to 
the right kidney is normal. There is prompt drainage of 
activity from the kidney to the bladder. There is no func- 
tioning tissue in the expected position of the left kidney. A 
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small amount of activity is seen entering the left kidney 
after the bladder starts to fill. On IRC (b), repeated epi- 
sodes of reflux into the left kidney are seen before the 
child starts to void and during voiding. This activity per- 
sists in the left kidney until the end of the study. 
Impression: Non-functioning left kidney with reflux dur- 
ing bladder filling and micturition. Bladder emptying is 
incomplete. Normal functioning right kidney 
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Case 8.16. Two-Voids IRC (Fig. 8.21) 


aia 


Fig. 8.21 History: A 5-year-old boy with previous resec- 
tion of posterior urethral valves and residual, bilateral, 
high-grade VUR. A renogram followed by an IRC was 
performed for evaluating DRF, drainage, and persistence 
of VUR. Study report: At the first void (a) bladder empty- 
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ing is complete but there is residual activity in the upper 
tract and the presence of VUR cannot be correctly 
assessed. At a second void after bladder refilling by the 
residual activity (b), bilateral VUR is clearly visible. 
Impression: Persistent bilateral VUR 
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Lymphoscintigraphy 
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Kevin London, and Robert Howman-Giles 


9.1 Clinical Indications [1, 2] 

e Sentinel lymph node (SLN) localization in 
malignancies, more common in children with 
diagnosis of melanoma and soft tissue 
sarcoma 

Assessment of lymphedema. 


9.2 Pre-exam Information 
e For SLN detection 
— Type and location of the malignancy. 
— History or planning of the surgical resec- 
tion of the tumor. 
e For lymphedema and lymphatic 
malformations 
— Site of extremity edema. 
— History of surgery or trauma that could 
affect lymphatic drainage. 


— Suspected chyloascites or chylothorax. 
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— Suspected developmental anomalies of the 
lymphatic system such as abdominal or 
thoracic lymphangiectasia. 


Study Protocol for Lymphoscintigraphy [3] 


Patient preparation 


e The skin at the injection site should be 
cleaned with antiseptics. 

e Anesthetic cream should be applied on 
the skin 30—60 min before injection. 

e Despite the local anesthetic, the patient 
must be warned that temporary stinging 
pain might be experienced during tracer 
injection. 


Study scheduling: 


e For SLN mapping and biopsy 

— Number and type of injections 
depend on tumor type and whether it 
has been excised. 

— Coordination of lymphoscintigraphy 
and surgical excision of SLN is 
required. 

e For lymphedema or 
malformation 


lymphatic 
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— The procedure may take several 
hours, depending on the speed of the 
lymphatic transit. 

— Scheduling the study in the morning 
is advised, given the potential dura- 
tion of the study. 


Radiopharmaceutical, Administrated 


activity, Mode of delivery 


Radiopharmaceutical 
[°°™Tc] labelled colloidal nanoparticles. 
Activity 


18.5—37 MBq (0.5-1.0 mCi) total dose 
for all ages. 


Delivery 


The tracer activity is split into 2—4 sepa- 
rate syringes. 

The injected volume in each syringe 
should be limited to 0.1-0.3 ml and 
should contain at least 10-15 MBq (0.1 
mCi). 

The tracer is injected intradermally for 
most indications. 

The location and number of injections 
depend on the study indication and 
involved region. 


For SLN mapping and biopsy 


For soft tissue sarcomas of the limbs, 
this may involve peritumoral or intra- 
muscular injections adjacent to the 
tumor. 

For cutaneous tumors of the extremities, 
the protocol requires two injections 
proximal to the margin of the lesion or 
the scar, or four injections in opposite 
directions around the lesion or surgical 
scar. 
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For cutaneous tumors of the head, neck, 
torso, and upper thighs, 2—4 injections 
around the tumor or site of surgical 
resection are essential because lym- 
phatic drainage from these locations is 
unpredictable. 


For lymphedema or lymphatic 


malformation 


The tracer is usually injected intrader- 
mally in the interdigital web space 
between the first and second digits, with 
one injection in each foot or hand. 

Some centers employ intradermal injec- 
tions in the dorsum of the feet or hands 
just proximal to the toes. Injections are 
easier to administer in these sites and 
may cause less discomfort to the patient. 


Acquisition protocol 
For SLN mapping and biopsy [4, 5]: 


Collimator: High-resolution, parallel 
hole. 
Acquisition begins with dynamic 
images, 10 seconds/frame for 2-3 min. 
Static images are acquired following the 
dynamic study for 3-5 min/view. 
The time interval between static images 
is variable and depends on the rate of 
tracer transit from the injection sites. 
Typically, the patient remains on the 
imaging bed and images are acquired 
every few minutes. 
The SLN is often visualized within 
15-60 min post-injection, occasionally 
earlier in younger children. 
The field of view (FOV) should include 
the injection site and the expected lymph 
drainage basins where the SLN is likely 
to be present. 
— For tumors in the limbs and head and 
neck, the FOV should include the 
adjacent torso. 


9 Lymphoscintigraphy 


— For tumors located in the torso, the 
entire torso should be imaged. 

e When the first lymph node (LN), the 
SLN, is visualized, the overlying skin 
should be marked with a surgical pen 
marker. 

e Lateral or oblique views improve the 
localization of the sentinel node. 

e SPECT/CT, when available, is the best 
method for accurate localization of the 
SLN prior to surgical excision. 

e Marking the overlying skin in two 
planes can be useful for planning the 
excision of the sentinel node, providing 
more insight into the depth of the node. 

e If images show lymph transit to more 
than one drainage basin, the SLN in 
each basin should be identified and 
marked. 


For lymphedema or lymphatic malfor- 
mations [6-9]: 


e Following tracer injection, serial static 
images of the extremities and subse- 
quently (as transit progresses) images of 
the pelvis, abdomen, and chest are 
obtained for up to 100 K counts. 

e Continuous body sweeps for 120 sec- 
onds /bed position can be also per- 
formed. They may show a composite 
image of the tracer location in the body. 


9.3 Study Interpretation 
For SLN mapping and biopsy [4, 5, 10, 11]: 


e Check for the site of injections 


e Identify the site of SLN and look for poten- 


tially more than one SLN 
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For lymphedema or lymphatic malformations 


[7, 8, 12,. 13]: 


Tracer transit from the injection site proxi- 
mally through the lymphatic channels of the 
lower or upper limbs should be symmetrical. 
The normal transit rate depends on the size of 
the particles and may vary from one commer- 
cial preparation to the other. 

As a general reference, tracer should be seen 

in: 

— Inguinal LNs within 45 min after foot 
injections. 

— Axillary LNs within 30 min after hand 
injections. 

— Liver within 4 h post-injection. 

Delayed transit of tracer is suggested when: 

— There is a delayed appearance of LNs 

— Lymphatic channels appear dilated. 

— Collateral lymphatic channels have been 
identified. 

— Diffuse tracer activity is seen in the super- 
ficial soft tissues (dermal backflow). 

— There is a paucity of tracer localization in 
inguinal and pelvic LNs. 

Diffuse tracer activity in the pleural or abdom- 

inal cavities suggests: 

— Chylous pleural effusion and/or chylous 
ascites. 

— Intestinal lymphangiectasia or pulmonary 
lymphangiomatosis. 

Findings for lymphatic insufficiency include: 
delay or absence of lymphatic transport from 
the injection site, asymmetric or absent visual- 
ization of regional lymph nodes, and the 
presence of radiotracer uptake in dermal lym- 
phatics called dermal backflow. 

In cases of a postsurgical leak from the tho- 

racic duct: 

— Tracer injection in the feet or left arm will 
show tracer accumulation in the pleural 
cavity. 

— Tracer injection in the right arm will show 
normal transit into the systemic circulation 
and normal liver accumulation. 
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9.4  Correlative Imaging [9, 14] 

e Lymphoscintigraphy has replaced lymphangi- 
ography, direct injection of contrast agents 
into lymphatic channels, being highly sensi- 
tive and easier to perform and carrying fewer 
risks of complications. 

e If available correlate lymphoscintigraphy with 
MR lymphangiography. 


9.5 Red Flags [15-17] 

e Injection of the entire dose should be ensured 
to avoid false negative results. 

e A potential second deep injection is performed 
selectively in some centers when superficial 
injection may have failed to be diagnostic. 

e Despite the noninvasive nature of the study, 
significant pain is experienced for a short 
while at the injection sites. 

e For SLN detection: 

— Particle size differs among various com- 
mercial preparations. This can affect the 
velocity of tracer transit and the time 
required to detect the SLN. 

— In cases with tumors of the torso transit 
from the injection site is less predictable 
and could include more than one drainage 
basin. 

— External radionuclide markers to outline 
the body surface or a superimposed °’Co 
flood source transmission image helps 
localize the sites of tracer activity. 

— Care should be taken not to miss a SLN if it 
may be located adjacent to the injection 
site and therefore masked by the high tracer 
activity. In these cases, use SPECT/CT 
whenever possible. 

e In cases of lymphedema: 

— The study provides functional information 
on lymph transit. However, it may be lim- 
ited in discerning the etiology of the abnor- 
mality and associated morphological 
findings. 

— The injections into each limb should be 
performed in rapid succession to ensure 
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that differences in the rate of tracer transit 
in the limbs are not related to a delay in the 
timing of the second injection. 

— Continuous body sweeps and the resulting 
composite image of the tracer location in 
the body are easier for orientation. 

— When there is slow tracer transit from the 
feet, limb movement should be encour- 
aged between the imaging sets to stimulate 
lymphatic transit. Furthermore, depending 
on the findings and clinical questions, 
repeated imaging may be required for sev- 
eral hours. 

— Delayed transit may be due to obstruction 
of the lymphatic pathways or abnormal 
development of lymphatic channels. 


Take Home Messages 


Lymphoscintigraphy has an important role in 
identifying SLNs and planning their surgical 
excision. 

Meticulous technique is required when per- 
forming lymphoscintigraphy and for marking 
the SLN. 

Initial dynamic images are important to visu- 
alize the lymphatic collectors or tracts and for 
the detection of the first LN visualized (the 
SLN). 

Good communication with surgeons is essen- 
tial for the correct localization and excision of 
the SLN. 

Gamma probes are utilized during surgery to 
detect the SLN, often in conjunction with blue 
dye lymphatic mapping. 

Marking an SLN on the skin can help in plan- 
ning surgery and therefore the patients should 
be in the same position as they will be during 
surgery. If an arm, for example, is stretched out 
to one side during surgery, it should be in the 
same position during imaging and marking. 

In cases with lymphedema, normal, and timely 
visualization of the liver indicates that there is 
normal lymph drainage into the systemic cir- 
culation via the thoracic duct or right lym- 
phatic duct. 
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e Dermal backflow refers to a phenomenon in 
which lymphatic fluid leaks and accumulates 
in the skin and soft tissues by regurgitating the 
lymphatic flow because of increased pressure 
caused by occluded lymphatic vessels. 
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Fig.9.1 History: An 8-year-old boy with a history of pre- 
maturity, short bowel syndrome due to necrotizing entero- 
colitis, and multi-organ transplantation of bowel, liver, 
and pancreas presented with lower limb edema. Study 
report: Anterior whole-body sweeps were obtained at 
various time points following intradermal injections of 
Tc-filtered sulfur colloid in the interdigital web space 
between the first and second digits in both feet. Rapid 
ascent of tracer from the injection sites is noted. At 10 min 
post-injection, (a) tracer is seen in the major lymphatic 


50 min 
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9.7 Representative Case 


Examples 


Case 9.1 Normal Lymphatic Transit (Fig. 9.1) 


&e 
100 min 


channels of the lower extremities as well as initial accu- 
mulation in the inguinal nodes. At 50 min post-injection 
(b) there is symmetrical tracer accumulation in inguinal 
and iliac nodes. Faint activity is noted in the liver suggest- 
ing initial drainage of lymphatic fluid into the systemic 
circulation. At 100 min (ce) liver uptake is more obvious. 
Impression: Normal symmetric tracer transit through the 
lymphatic system with no evidence of obstruction or 
abnormal development of lymphatic channels 
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Case 9.2 Lymphatic Obstruction (Fig. 9.2) 


75min 


Fig. 9.2 History: A 6-year-old boy presented with 
lymphedema of the left thigh and buttock that developed 6 
months after surgery for a left inguinal hernia. 
Lymphoscintigraphy was performed following two intra- 
dermal injections of Tc-filtered sulfur colloid adminis- 
tered in the interdigital web space between the first and 
second digits of the feet. Study report: Selected anterior 
whole-body sweeps starting at 75 min after tracer admin- 
istration (a) show a symmetrical ascent of tracer from the 
injection sites through the major lymphatic channels of 
the lower extremities up to the groin levels. Activity is 
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180 min 


also noted in the liver, indicating physiologic lymphatic 
drainage into the systemic circulation. Images obtained at 
115 (b) and 180 min (c) post-injection show a relative 
paucity of tracer accumulation in left inguinal lymph 
nodes and a lack of tracer accumulation in the left iliac 
nodes. Diffuse tracer activity is noted in the superficial 
soft tissues in the lateral (arrows) and medial aspects of 
the proximal left thigh, suggesting “dermal backflow.” 
Impression: The findings suggest lymphatic obstruction at 
the level of the left groin 
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Case 9.3 Gastrointestinal Tract 
Lymphangiectasia (Fig. 9.3) 
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Fig. 9.3 History: An 8-year-old boy was investigated for 
protein-losing enteropathy with hypoalbuminemia and 
lymphocytopenia. Lymphoscintigraphy was performed 
following two dorsal pedal intradermal injections of 
Tc-antimony sulfide colloid. Study report: The initial 
dynamic images (a, b) show normal lymphatic collectors 
in the legs and activity in femoral and inguinal lymph 
nodes bilaterally. Delayed images at 1 h (c) show a diffuse 
increase in tracer activity in the left mid-abdomen and 
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MIP 


only faint accumulation of tracer in the liver. 
Abdominopelvic SPECT MIP (d) and SPECT/CT (e, 
upper-transaxial, lower—coronal slices) demonstrate tracer 
activity in the gastrointestinal tract, specifically in a bowel 
loop located in the left lower abdominal quadrant. 
Impression: The study suggests diffuse gastrointestinal 
lymphangiectasia, predominantly involving the small 
bowel, further confirmed by capsule endoscopy 


164 T. N. Pascual et al. 


Case 9.4 Sentinel Lymph Node in a Patient 
with Melanoma (Fig. 9.4) 


Fig. 9.4 History: A 
5-year-old boy with 
melanoma in the left leg 
was evaluated prior to 
surgery. Study report: 
Planar scintigraphy of 
the abdominopelvic 
region and thighs 
superimposed on a *’Co 
flood source 
transmission image (a) 
shows a focal area of 
uptake in the left 
inguinal region localized 
to a lymph node on 
SPECT and SPECT/CT 
coronal slices (b). 
Impression: The focus of 
uptake represents the 
sentinel lymph node 
located in the left 
inguinal region. At 
surgery, this lymph node 
was resected and found 
negative for melanoma 
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Case 9.5 Left Leg Swelling and Increasing 
Bilateral Leg Edema and Pleural Effusion 
(Fig. 9.5) 
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Fig.9.5 History: A 9-year-old boy presented with left leg 
swelling, increasing bilateral leg edema, and pleural effu- 
sion. He had been previously treated for acute myeloblas- 
tic leukemia with total body external beam radiotherapy. 
Study report: Selected anterior whole-body sweeps start- 
ing at 75 min after tracer administration (a-d) show sig- 


nificant dermal backflow in the lower limbs, more 
pronounced on the left side (a—c) with adequate visualiza- 
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tion of bilateral inguinal lymph nodes. There is a visual- 
ization of the liver with significant abdominal dermal 
backflow (d). SPECT/CT shows axillary and mediastinal 
lymph nodes with a chylous leak into the left hemithorax 
(e). Impression: Collateral aberrant lymphatic drainage 
with abdominal wall dermal backflow, axillary and medi- 
astinal lymph nodes, and chylous leak into the left 
hemithorax 
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10.1 Clinical Indications e Serum inflammatory markers available for 
correlation 
Relevant X-rays, ultrasound (US), CT, or MRI 


available for correlation? 


e Assessment of alterations in bone metabolism e° 
due to trauma, infection, inflammation. 

e Assessment for conditions with impaired 
blood flow (e.g., avascular necrosis). 

e Assessment of soft tissue (ST). 


10.3 Bone Scintigraphy 


10.2 Pre-exam Information Study Protocol for °™Tc-MDP Bone 


Scintigraphy [1, 2] 
e Are symptoms focal or generalized? Duration Patient preparation 


of symptoms 


oncologic conditions 

History of previous interventional procedures 
(i.e., joint aspiration or drainage, surgery) 
History of treatment such as antibiotics or 
anti-inflammatory drugs, radiation therapy 


(including involved fields) 
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e History of trauma, systemic metabolic or ° 


Good hydration is important, instruct to 
drink at least 2 cups during the uptake 
time prior to delayed imaging. 

e Infants should be fed prior to or imme- 
diately after tracer injection. 

e Children should be encouraged to uri- 
nate frequently to reduce the exposure 
of the bladder. 

e Sedation is usually not required, except 

for uncooperative neurodevelopmen- 
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e [°™Tc]methylene diphosphonate (MDP) 
or similar diphosphonates. 
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Z. Bar-Sever et al. (eds.), A Practical Guide for Pediatric Nuclear Medicine, 


https://doi.org/10.1007/978-3-662-6763 1-8_10 


168 


Activity: 


9.3 MBaq/kg (0.25 mCi/Kg), minimum 
dose 40 MBgq (1.1 mCi). 

Refer to the EANM pediatric dosage 
card and to the North American consen- 
sus guidelines on radiopharmaceutical 
administration in children in the respec- 
tive EANM and SNMMI and image 
gently web sites. 

Reference to national regulation 
guidelines, if available, should be 
considered. 


Delivery: 

Select intravenous (IV) injection site to 
avoid possible sites of pathology. For 
example, upper extremity lesions will 


require a foot injection. 


Acquisition protocol: Two- or three- 


phase bone scan is recommended, four- 
phase protocol can be performed. 


e Early imaging (blood flow and blood 


pool) to the area of concern and the 

adjacent region which may cause 

referred pain (e.g., in the presence of 
symptoms in a lower extremity include 
images from thoracic spine down). 

— Dynamic blood flow study. 

— Blood pool (regional or whole body), 
immediately after the completion of 
the dynamic study. 

Late skeletal phase scan at 24 h 

post-injection. 

— Image total body vertex to toes in 
anterior and posterior projection 

— SPECT should be included in the 
third step in selected scenarios: 

— To areas of localized symptoms. 

— If an abnormality is detected on pla- 
nar imaging. 

SPECT/CT, if available should 
replace SPECT 
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— Limit the field-of-view (FOV) of the 
CT to the abnormality seen on 
SPECT to reduce radiation 
exposure. 

— CT can be acquired as a pediatric 
low-dose CT for localization and 
attenuation correction or as diagnos- 
tic CT. Many skeletal lesions are 
adequately evaluated even with low- 
dose CT parameters. 

e A delayed 24-h scan can be performed: 
— Incases of uncertain findings on rou- 

tine 3-h scintigraphy. 

— When residual bladder activity over- 
lies the pelvis and the child refuses to 
urinate or when bladder emptying is 
incomplete. 

Acquisition parameters 

e Position: The child should lie supine, 
comfortably secured to the bed. 

e Collimators. 

— High or ultrahigh low-energy 
collimator. 

— Pinhole collimator, if available, can 
improve detection of lesions in the 
hip joint of distal extremities. 

e Blood flow images. 

— 2-5 s/frame for a total of 60 s, matrix 
128 x 128, size-appropriate zoom 

e Early blood pool images. 

— Recommended counts: Torso 300 
Kcounts, extremities 150-200 
Kcounts. 

— For lower extremity lesions the entire 
lower limbs pelvis and lumbar spine 
should be in the FOV. 

e Late (skeletal) phase images. 

e Whole body sweeps with bed speed 
adjusted to the child’s age. The EANM 
guidelines recommend [3]: 

— 8cm/min for ages 4-8 years 

10 cm/min for ages 8—12 years 

12 cm/min for ages 12—16 years 
— 15 cm/min above 16 years of age 

e Alternative: Multiple spot views cover- 
ing the entire skeleton, anterior and pos- 
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terior projections, start with the pelvis 

when the bladder is empty. 

— Matrix 256 x 256. 

— Recommended counts: Torso 500 
Kcounts, skull 300 Kcounts, knees 
100-200 Kcounts, hands and feet 
50-100 Kcounts. 

— Alternatively: The time to obtain 500 
Kcounts for the torso should be 
recorded and used to time the acqui- 
sition of the other body parts. 

e SPECT: 120 projections, 15-30 s/view, 
matrix 128 x 128. 

e SPECT/CT: For the CT component use 
pediatric settings with dose modulation. 
— Reduce the CT field to include only the 

findings on the SPECT component. 

— Tube settings depend on manu- 
facturer and the applied protocol: 
low-dose or fully diagnostic CT 
(accordingly the settings can range 
between 80 and110 kVp). 

— CT slice thickness 2-2.5 mm with 
overlapping cuts. 


10.4 Study Interpretation [3, 4] 


Review the SPECT or SPECT/CT in orthogo- 
nal planes, MIP, and, when available, fused 
co-registered study. 

Review CT study on bone and soft tissue win- 

dows in addition to co-registered study. 

Patterns of tracer localization: 

Normal bone growth patterns in infants and 

children [5] 

— Reduced or absent activity due to physio- 
logic delayed ossification of certain bones 
(e.g., navicular bone of the foot, femoral 
head) must be differentiated from patho- 
logic photopenic lesion. 

— Increased activity in the orbits on the ante- 
rior view of the skull is normal in the first 
months of life. 
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— Focal activity in the ischio-pubic synchon- 
drosis is normal in most cases and reflects 
asymmetric closure of bone centers. 


Focally increased tracer activity: 


Osteomyelitis: Increased focal activity in the 
metaphysis of long bone or in the metaphyseal 
equivalents. There is also often increased 
tracer uptake in early blood flow and blood 
pool images. 

Arthritis: Increased blood flow and blood pool 
in the involved joint(s). Tracer uptake in the 
skeletal phase can be normal or increased in a 
diffuse manner. 

Multifocal tracer uptake: Multi-trauma, meta- 
static disease, multifocal osteomyelitis. 
Clinical context, labs, and correlative imaging 
can distinguish between the options. 
Non-accidental injury (NAI, child abuse): 
Bilateral, symmetrical foci in costovertebral 
junctions (typical for the shaken baby syn- 
drome), multiple foci in ribs in various loca- 
tions, metaphyseal fractures in the shafts of 
lower extremity bones in young infants who 
are not walking or bearing weight on their 
lower extremities, diffuse uptake in the cal- 
varium that may suggest a skull fracture. 


Focal reduced/photopenic tracer activity: 


In suspected osteomyelitis, photopenic lesions 
are suggestive of an aggressive form known as 
“cold osteomyelitis.” 

In a child with an unexplained limp, photope- 
nia in the femoral head can suggest Legg- 
Calve-Perthes disease. 

In children treated with high-dose steroids, 
multiple photopenic lesions can be due to 
multifocal avascular necrosis. 

Multiple photopenic lesions occur early on in 
cases with known hemoglobinopathies. 
Sometimes photopenic lesions, especially in 
the spine are due to metastatic disease (e.g., 
neuroblastoma, leukemia, or lymphoma) 
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Diffuse decreased tracer activity: 


Can be caused by prolonged limb immobiliza- 
tion or decreased use. 

Associated with severe pain, reduced skin 
temperature, and faint peripheral pulses could 
represent a complex regional pain syndrome 
(CRPS, reflex sympathetic dystrophy). 


Diffuse increased tracer uptake: 


Along the cortex of the tibia and/or fibula in 
children and adolescents undergoing strenu- 
ous physical activities can be due to shin 
splints, while focal uptake can be due to a 
stress fracture. 

In the feet and ankles often observed in the 
unaffected side of limping children due to 
increased weight bearing on the healthy side. 


Bone Scintigraphy Protocol Adjustments in 
Suspected Non-Accidental Injury [6, 7] 


e Add routinely to standard views: lateral 
and oblique views of the ribs, anterior, 
posterior, and lateral views of the skull. 

e Make sure the hands are flat, so all digits 
are visualized. 

e Make sure the urinary bladder does not 
obscure pelvic structures. 


10.5 Correlative Imaging [8] 


Correlation with radiographs is required when 
assessing skeleton. 

MRI is a sensitive modality for the evaluation 
of bone marrow and ST pathologies. In some 
centers, it is a first-line investigation for the 
MSK system. The examination is typically 
focused on the symptomatic region and can 
therefore miss sites of disease in cases of 
referred pain as well as additional sites in mul- 
tifocal disease. MRI availability and cost can 
be limiting factors. 
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e Check if the child has not performed a recent 
CT or MRI or if one is already planned before 
deciding on SPECT/CT. 


10.6 Red Flags [4, 6] 


e When positioning patients for planar imaging, 
the feet should be secured with a medial 
(inward) tilt of the feet, thus allowing ade- 
quate visualization of the fibulae. 

e Early blood pool static images should start 
immediately after the completion of the 
dynamic blood flow study as skeletal uptake 
begins quickly after tracer injection. 

e In young children, due to high bone to ST con- 
trast, delayed static images can be acquired as 
early as 2 h post-injection. 

e If bladder emptying is difficult and there is no 
other alternative, bladder catheterization may 
be considered. 

e All children should have delayed imaging of 
the entire body, performed as a whole body 
sweep or multiple planar static images. 

e In young children recording, sets of overlap- 
ping planar static images allow for repeated 
selected images in case of motion with 
improved spatial resolution. 

e Additional spot views are often necessary to 
improve detectability of lesions. For example, 
lateral, medial plantar, and dorsal views for 
foot and ankle pathology, lateral views for the 
legs, palmar, and dorsal views for the hands, 
oblique and lateral views for the ribs, lateral 
views for the skull and cervical spine. 

e Inolder children, SPECT/CT can replace mul- 
tiple spot views. 

e IfSPECT/CT is used attention must be paid to 
the additional radiation dose of the CT 
component. 

e In general CT acquisition should be strictly 
limited to the body segment of interest. 

e Sensitivity of bone scans is low in the detec- 
tion of linear skull fractures. 

e Sensitivity of bone scans in the detection of 
arthritis is limited. 
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Suspected fractures or ischemia in weight- 
bearing bones should be promptly reported to 
the referring physician to initiate preventive 
measures to avoid complications. 


10.7 Take Home Message 


Whole-body blood pool images are useful in 
suspected multifocal osteomyelitis (MFO), 
rheumatologic conditions, generalized pain, 
and NAI. 

In most cases, ST pathologies are best identi- 
fied on the blood pool images and blood flow 
images do not provide additional information. 
When vascular compromise is suspected (e.g., 
limb ischemia reflex sympathetic dystrophy, 
avascular necrosis) blood flow images should 
be obtained. 

All children should have a whole-body 
delayed bone scintigraphy assessment. 
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Regional bone should not be 
performed. 

While adequate count density and optimal 
spatial resolution are desired, some flexibility 
is advised keeping in mind that long acquisi- 
tion times increase the likelihood of motion 
artifacts that degrade image quality. 

Review correlative radiologic imaging, when 
possible, for findings worrisome for 
malignancy. 

Findings raising the possibility of NAIs should 
be immediately reported to the referring phy- 


sician before the patient is discharged. 


scans 


10.8 Representative Case 


Examples 


Case 10.1 Osteomyelitis (Fig. 10.1) 
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Fig. 10.1 History: An 11-year-old boy presented with a 
painful left hip 2 weeks after playing soccer. X-rays and 
US were normal. Study report: In the early blood pool 
study (a) there is increased tracer uptake in the left ante- 
rior inferior iliac spine (arrow). The late planar anterior 
(b) and posterior (c) scans show focal increased osteo- 
blastic activity in the same area (arrow). SPECT/CT, 
axial, coronal, and sagittal low-dose CT slices (d) show 
no bone erosion around marked focal osteoblastic reaction 
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Delay Post 


seen in the left iliac bone on fused images (e). Impression: 
The pathological uptake on bone scintigraphy, in associa- 
tion with the lack of abnormalities on the CT part of the 
SPECT/CT most likely exclude tumor. SPECT/CT cannot 
exclude subtle lesions such as stress fractures or enthe- 


sopathy. Acute osteomyelitis was the suggested diagnosis 
despite the lack of systemic fever, further confirmed by 
blood cultures positive for S. aureus 
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Case 10.2 Non-Accidental Bone Injuries 
(Fig. 10.2) 
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Fig. 10.2 History: A 4-month-old girl presented with a tracer uptake in the mid-to-distal left humerus and mid- 
swollen left arm. X-ray showed a left humeral fracture. left tibia. Impression: The pattern of focal increased tracer 
Study report: On early blood pool images (not shown), uptake in the left humerus and left tibia are highly sugges- 
there is an increased blood pool in the distal left humerus tive of non-accidental injury despite normal X-ray of the 
and mid-left tibia. Late planar scans show foci of increased tibia 
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Fig. 10.3 History: An 11-year-old boy presented with a 
month-long low back pain after playing football. X-rays 
showed mild scoliosis, convex to the left, but was other- 
wise normal. Study report: Bone scintigraphy shows a 
normal blood pool (a) but mildly increased tracer uptake 
on the right side of the lower lumbar spine in the late pla- 
nar scans (b). SPECT, transaxial (c) and coronal (d) slices, 
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shows focal increased uptake in the right pars interarticu- 
laris of L4 vertebra. SPECT/CT (e), transaxial, coronal 
and sagittal CT (left) and fused (right) images, demon- 
strate bilateral sclerosis, more pronounced at the site of 
the focal increased tracer uptake in the right pars interar- 
ticularis of L4 vertebra. Impression: The findings are con- 
sistent with an L4 spondylolytic fracture 
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Case 10.4. Legg-Calve-Perthes Disease 
(Fig. 10.4) 
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Fig. 10.4 History: An 8-year-old boy presented with 
complaints of right hip pain and right-sided limping for 2 
weeks, without a history of fever or trauma. Study report: 
The early phase images (not shown) were unremarkable. 
Anterior and posterior late whole-body images (a, b) 
show reduced tracer uptake in the right femoral head 
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(arrows). SPECT anterior projection MIP (c) and coronal, 
sagittal, and transaxial slices (d—f) show a photopenic area 
in the right proximal femoral epiphysis (arrows) confirm- 
ing the findings on the whole body sweeps. Impression: 
The findings suggest avascular necrosis of the right femo- 
ral head (Legg-Calve-Perthes disease) 
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10.9 ‘'F-Sodium Fluoride (NAF) 
Bone PET/CT 


Study Protocol for NaF Bone PET/CT [1, 
9-11] 


Patient preparation 

e Patient should be well hydrated. 

e Change diaper right before imaging. 

e Remove metal objects from around the 
patient before imaging. 


Radiopharmaceutical, administered 
activity and mode of delivery 
Radiopharmaceutical: 


e ['8F] Sodium Fluoride (NaF) 

Activity: 

e 2.22 MBq/kg (0.06 mCi/kg), range 
18.5—185 MBq (0.5-5 mCi). 

Refer to the EANM pediatric dosage 
card and to the North American consen- 
sus guidelines on radiopharmaceutical 
administration in children in the respec- 
tive EANM and SNMMI and image 
gently web sites. 

Reference to national regulation 
guidelines, if available, should be 
considered. 


Delivery: 


e Select the injection site to avoid possi- 
ble sites of pathology. 


Acquisition protocol 


e Uptake period: 45 min after tracer 
administration. 

e PET: 2-5 min/bed position (depending 
on equipment). 

e FOV: varies by patient size. 

e CT: Either low-dose CT (70-80 mA, 
80-100 kVp) or diagnostic CT 
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10.10 Study Interpretation 


e Review the PET MIP image, as well as fused 
orthogonal planes. 

e Review CT with bone and soft tissue 
windows. 

e Correlative imaging such as radiographs or 
other cross-sectional imaging should be 
reviewed at the time of reporting. 


10.11 Correlative Imaging 


e Correlation with radiographs is required when 
assessing skeleton. 


10.12 Red Flags [12, 13] 


e Interpreting NaF studies in children requires a 
learning curve. The study has a high sensitiv- 
ity and there is therefore a need to identify pat- 
terns of physiologic variants and differentiate 
them from pathological uptake foci. 


10.13 Take Home Messages [14, 
15] 


e NaF imaging has the advantage of shorter 
total study duration, higher image quality, and 
quantification. 

e Effective dose from NaF is comparable to 
effective dose from Tc-MDP. 

e The main current indications for NaF bone 
PET studies are in cancer patients for evalua- 
tion of primary and metastatic bone lesions 
and children with chronic recurrent multifocal 
osteomyelitis. 


10.14 Representative Case 
Examples 


Case 10.5 Normal NaF PET Study (Fig. 10.5) 
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Fig. 10.5 History: A 
7-year-old boy was 
referred to NaF PET/CT 
for further evaluation of 
low back pain. Study 
report: Whole-body 
PET, anterior (left) and 
lateral (right) MIP, show 
increased symmetric 
tracer uptake in the 
epiphyseal plates of the 
long bones in the upper 
and lower limbs and the 
anterior end of the ribs, 
bilaterally, consistent 
with areas of 
physiologic activity in 
growing plates. 
Impression: No evidence 
of abnormal osteoblastic 
lesions in the spine 
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Case 10.6 Fibrous Cortical Defect (Fig. 10.6) 


Fig. 10.6 History: A 9-year-old boy was referred to NaF 
PET/CT following 1-month long complaints of pain in the 
left leg. Study report: Whole-body MIP (left) shows a 
focal area of increased tracer uptake at the medial aspect 
of the upper shaft of left tibia. Coronal and sagittal (right) 
and transaxial (center) PET, CT, and fused PET/CT slices 
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at the level of the proximal tibia show an eccentric, well- 
defined lytic lesion with a rim of sclerosis, with corre- 
sponding increased tracer uptake at the posteromedial part 
of the left upper tibia. Impression: The findings are con- 
sistent with a fibrous cortical defect 
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Case 10.7 Bilateral Ischio-Pubic 
Synchondrosis (Fig. 10.7) 
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Fig. 10.7 History: A 7-year-old boy with right orbital 
rhabdomyosarcoma was evaluated as part of a metastatic 
survey. Study report: Anterior (a) and lateral MIP (b), as 
well as transaxial PET, CT, and fused NaF PET/CT slices 
at the level of the symphysis pubis (c) show physiological 
symmetric increase uptake at the growing ends of the 
bone, including costochondral junctions, and the epiphy- 
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seal plates of the upper and lower limbs. There is increased 
tracer uptake in both distal rami of the pubis (arrows). 
Impression: The findings demonstrate focal increased 
tracer uptake in sites of bilateral ischio-pubic synchondro- 
sis. This is a normal variant and should not be interpreted 
as fractures. No evidence of bone metastases 
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Case 10.8 Patellar Tendon Insertion 
Enthesopathy (Fig. 10.8) 
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Fig. 10.8 History: A 13-year-old boy is complaining of 
right knee pain for 3 months. Plain X-rays were unre- 
markable. Study report: NaF PET/CT, anterior (a) and 
oblique MIP (b), as well as sagittal (c) and transaxial (d) 
PET, CT, and fused slices at the level of the proximal tib- 
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iae show focal increased tracer uptake at the cortical sur- 
face of right tibial tuberosity (arrow). Impression: The 
findings are consistent with patellar tendon insertion 


enthesopathy 
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Case 10.9 Sickle Cell Anemia (Fig. 10.9) 
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Fig. 10.9 History: A 16-year-old boy with known sickle increased tracer uptake at right clavicle, bilateral ribs, the 
cell anemia presented with subacute bone pain. Study left humeral shaft, and the right trochanteric region. 
report: NaF PET MIP (a), transaxial (b) and coronal (c) Impression: The osteoblastic lesions represent active bone 
PET, CT and fused images show multiple areas of remodeling at multiple bone infarcts 
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11.1 Clinical Indications 


Commonly evaluated pediatric infectious pro- ° 
cesses [1-3]: 


e Musculoskeletal (MSK) infections 
— Osteomyelitis (diagnosis, differential diag- 
nosis, single vs. multifocal disease) 
— Discitis ° 
— Arthritis 
e Fever of unknown origin (FUO) is at present 
evaluated with FDG imaging as a second-line 
diagnostic investigations. The test has high 
overall performance, mainly in: 
— Immune-compromised children [4—6]. 11 
— Febrile neutropenia (absolute neutrophil 
count below 500/mm?) in immune- e 
suppressed and/or cancer patients [7]. 
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Additional indications in children [8] 


Fungal infections (e.g., aspergillosis and 

candidiasis). 

Inflammatory bowel disease (IBD) (diagnosis, 

extent of disease, differential diagnosis of 

active disease vs. fibrosis, treatment evalua- 

tion) [9]. 

Inflammatory processes 

— Vasculitis 

— Chronic granulomatous diseases (e.g., 
sarcoidosis) 


.2 Pre-exam Information 


Relevant clinical data: 

— Measure and record the patient height and 
weight. 

— Current symptoms, pertinent physical find- 
ings, duration of signs and symptoms. 

— Pre-existing conditions. 

— Previously or currently received therapy 
such as antibiotics, corticosteroids, chemo- 
therapy, radiation therapy, and 
diphosphonates. 

— Prior orthopedic or non-orthopedic sur- 
gery, presence of orthopedic hardware. 

Relevant recent imaging studies. 
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For the activity of all radiotracers to be 


administered: 


Refer to the EANM pediatric dosage card and 
to the North American consensus guidelines on 
radiopharmaceutical administration in children 
in the respective EANM and SNMMI and image 


gently web sites. 


Reference to national regulation guidelines, if 


available, should be considered. 


Study Protocol for Bone Scintigraphy [2, 10] 


Patient preparation: 


Good hydration, patients are instructed 
to drink at least 2 cups after radiotracer 
injection, before returning for delayed 
imaging. 

Infants should be fed prior or immedi- 
ately after injection. 

Children should be encouraged to uri- 
nate frequently to reduce the exposure 
of the bladder. 


Radiopharmaceutical, activity, mode 


of delivery 


Radiopharmaceuticals: 


[°™Tc]-MDP (MDP) 


Activity: 


9.3 MBq/kg (0.25 mCi/Kg), minimum 
dose 40 MBq (1.1 mCi). 


Acquisition protocol (Figs. 11.1, 11.2, 
and 11.3) 


Position: Supine, with the child com- 
fortably secured to the bed, including 
feet secured with an inward tilt (allows 
adequate visualization of the fibulae). 
Collimators: High or ultra-high low- 
energy collimator. Pinhole collimator, if 
available, can improve detection of 
lesions in the hip joint. 

Blood flow images: 2-5 s/frame for a 
total of 60 s, matrix 128 x 128, size 
appropriate zoom. 
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e Early blood pool images: torso 300 

Kcounts, extremities 150-200 Kcounts. 

e Late skeletal phase images are typically 
acquired 3 h after injection. 
e Whole body sweeps: with bed speed 

adjusted to the child’s age [11]. 

— 8 cm/min for children aged 4-8 
years. 

— 10cm/min for ages 8-12 years 

— 12 cm/min for ages 12-16 years 

— 15 cm/min over 16 years of age. 

— Multiple spot views (alternatively) to 
cover the entire skeleton in anterior 
and posterior projections: matrix 256 
x 256, counts: torso 500 Kcounts, 
skull 300 Kcounts, knees 100-200 
Kcounts, hands and feet 50-100 
Kcounts. 2nd variant: the time to 
obtain 500 Kcounts for the torso 
should be recorded and used to time 
the acquisition of the other body 
parts. 

e SPECT: 15-30 s/frame, 120 projections, 

matrix 128 x 128. 

e SPECT/CT (when clinically indicated, 
if available): 

— CT component using pediatric set- 
tings with dose modulation. 

— CT field of view to the finding on 
SPECT, tube setting depending on 
whether the CT is intended to be 
acquired as low dose or fully diag- 
nostic CT (range: between 80 and 
110 kVp); CT slice thickness 
2-2.5 mm with overlapping cuts. 


11.3 Study Interpretation of Bone 


Scintigraphy [12] 


Osteomyelitis is based on increased local 
blood flow and bone turnover. The scinti- 
graphic pattern is characterized by increased 
blood flow and blood pool (tissue hyperemia) 
and focal increased uptake in the skeletal 
phase (Fig. 11.1). 
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Osteomyelitis involves mainly the metaphy- 
seal portion of long bones or the metaphyseal 
equivalents of irregular bones. 

Less commonly, osteomyelitis presents as dif- 

fuse uptake along a segment of a long bone 

(probably due to periosteal irritation). 

Mandatory whole-body imaging allows the 

detection of at times unsuspected multifocal 

disease including sites related to referred pain. 

Multifocal osteomyelitis is more common in 

young infants. 

Bone scans can differentiate osteomyelitis 

from soft tissue infections. 

— Cellulitis presents with diffuse increased 
blood flow and blood pool in soft tissue 
adjacent to bony structures and mild dif- 
fuse increased tracer activity in the same 
area on the skeletal phase. 

— Arthritis presents with diffuse uptake in all 
bony structures of a joint, with or without 
accompanying findings in the blood flow 
and blood pool phases. 

— Discitis typically presents as increased 
uptake in two adjacent vertebral bodies 
above and below the inflamed disc. 

In most cases, an abnormal bone scan can be 
seen as early as 24 h from the onset of 
symptoms. 
Cases with long-standing osteomyelitis show 
increased blood pool activity surrounding 
photopenic defects (Fig. 11.2). On the delayed 
images, there are corresponding cold lesions 
in keeping with bony abscesses. The differen- 
tial diagnosis includes infarcted bone. 

Antibiotic therapy does not affect bone scan 

findings of osteomyelitis in the short run. 


Study Protocol for Tc-WBC Scan [8, 13] 
Patient preparation: 


e Patients do not need to fast and may take 
all their usual medications. 

e The patient should be well hydrated. 

e Explain to patients and parents/caregiv- 
ers that the procedure is long and 
requires withdrawal of relatively large 


185 


amounts of blood (considering the spe- 
cific pediatric population). 


Radiopharmaceutical, activity, mode 
of delivery 
Radiopharmaceutical 


e [°™Tc]-WBC 
Activity 


e 3.7-7.4 MBq/kg (0.1-0.2 mCi/Kg), 
minimum dose 40 MBq (1.1 mCi) 

For detailed instructions regarding 
the WBC labelling technique, see appro- 
priate guidelines. The blood volume 
required for WBC labelling has to be 
adjusted and reduced as much as possi- 
ble in young infants [14]. 


Acquisition protocol (Fig 11.4) 


e Collimator: low energy, high resolution, 
parallel hole. 

e Scanning field: related to clinical indi- 
cation should be either whole body or 
limited FOV to area of clinical 
complaints. 

e Acquisition protocol: 

— Early images, 30 min post-injection, 
including of the chest and upper 
abdomen as well as images for 
in vivo quality control of WBC 
labelling. 

— Delayed 
post-injection. 

— Late images: 20-24 h post-injection. 

e Acquisition parameters—static images: 
— Size appropriate zoom, matrix 256 x 

256. 
— Acquisition options: 
Time corrected for isotope decay: 
early images are acquired with a 
set number of counts or time, fol- 
lowed by delayed and late images 
corrected for the 99mTc 6-h half- 
life. Different images can be com- 


3—4 h 


images: 
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pared with the same intensity 
scale avoiding operator-dependent 
changes in the image display. 
Fixed time/image: 5-10 min/pro- 
jection. Difficult to interpret 
because of interfering data from 
other organs. 

e SPECT or SPECT/CT (recommended if 
available): Usually performed after the 
delayed step (3-4 h post-injection). 

— SPECT parameters if performed 
after delayed step: 20-30 sec/step 
(depending on the injected activity). 

— SPECT can be also added to the late 
step (20-24 h post-injection) with 
following parameters: 

30-50 sec/step (depending on the 
injected activity and FOV to be 
imaged, longer for peripheral 
parts, shorter for abdomen). 
Indicated if there are new sites of 
pathological uptake not seen on 
earlier scans. 

e Modified parameters for IBD: Images 
acquisition at 30 min and 2-3 h post- 
injection only (Fig. 11.5). 


11.4 Study Interpretation 
of Tc-WBC Scan [13] 


Diagnosis of infection is made by comparing 


delayed and late images: 
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Physiologic biodistribution, pitfalls, and posi- 


tivity criteria: 


WBCs show a transitory migration to the 

lungs, followed by accumulation in the spleen 

and less in the liver and bone marrow. 

Lung uptake early post-injection is physio- 

logic, but at 4 and 24 h, it is abnormal. 

Normal bowel activity is seen in 20-30% of 

children at 1 h due to Tc-HMPAO excretion 

from the liver. 

Tc-WBCs migrate from spleen and bone mar- 

row to infected tissues. Therefore, in cases 

with infection there is an increase in uptake 

over time in sites of disease while bone mar- 

row and spleen activity decrease. 

The rate of Tc-WBC accumulation in infec- 

tion depends on: 

— Location: earlier in cardio-vascular vs. 
bone and CNS infection. 

— Virulence: higher in active vs. chronic 
processes. 

— Pathogen: lower in fungal vs. bacterial 
infection. 

— Antibiotic or steroid therapy may decrease 
Tc-WBC uptake. 


Study Protocol for [18F] -FDG [2, 6, 15, 16] 
Patient preparation: 


e Fast: 4h before tracer injection and dur- 
ing the uptake phase is recommended in 
adults and adolescents. This duration 
should be shortened according to age in 


e Negative: no uptake or clear decrease of inten- 


sity of uptake between delayed and late 

images. 

Positive: clear increase in intensity and/or size 

of uptake over time in lesion (Fig 11.4). 

Equivocal, cases such as: 

— Similar/slightly decreasing uptake over 
time. 

— Slight increase in size and/or intensity over 
time. 


young children, toddlers, and infants. 

e Good hydration with plain, unflavored 
water. 

e Serum glucose level must be measured 
before radiotracer administration and 
should be below 200 mg/dL (11.1 
mmol/L), preferably below 140 mg/dL 
(7.8 mmol/L) [17]. 


Radiopharmaceutical, activity, mode 
of delivery 
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Radiopharmaceuticals: 
e [/8F] -FDG (FDG) 
Activity 


e 3.7-5.2 MBg/kg (0.1-0.14 mCi/kg) 
minimum 26 MBq (0.7 mCi). 


Acquisition protocol 


e Uptake time: 45—60 min. 

e Scanning field: related to clinical indica- 
tion should be either vertex-to-feet or lim- 
ited FOV to area of clinical complaints. 

e Acquisition protocol: 2—4 min/bed posi- 
tion - these parameters will potentially 
change with the implementation of new 
PET technology (see also Chap. 10). 


11.5 Study Interpretation of FDG 


Positivity criteria: focal or non-focal abnor- 
mal tracer uptake. 

False negatives: Lesion located adjacent to 
and masked by physiologic tracer activity. 


11.6 Correlative Imaging [18] 


Plain radiographs are readily available and 
are associated with a low radiation burden. 
They are used in children with suspected pul- 
monary and MSK infections. In patients with 
a skeletal pathology, this test is used mainly 
for excluding fractures and bone tumors in 
the differential diagnosis of suspected 
osteomyelitis. 

US is primarily used to investigate soft tissue 
infections and inflammatory processes. 

CT is readily available at present. Radiation 
exposure can be reduced by employing spe- 
cialized pediatric protocols. As a component 
of SPECT/CT and PET/CT, it can increase the 
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specificity and accuracy of nuclear medicine 
tests. 

MRI advantages stem from its lack of ionizing 
radiation. It also has higher soft tissue contrast 
than CT. 


11.7 Red Flags [2] 


Tc-MDP 
Cannot distinguish between infectious and 
non-infectious arthritis. 
Cannot differentiate between infection and 
malignancies, such as osteosarcoma. 
Cannot detect extension of spinal infection 
from the disc to the adjacent soft tissues. 
These findings are best evaluated with MRI. 
In cases of discitis, there may be a lag of one 
week between the onset of symptoms and the 
first appearance on the bone scan. 
A negative bone scan in the presence of per- 
sistent fever does not exclude the diagnosis of 
arthritis and may reflect pyomyositis and 
needs to be further assessed. 


WBC 


Children with severe neutropenia may lack 
sufficient leukocytes for adequate WBC 
labelling. 

The large quantity of blood needed for the 
procedure is limiting its use in neonates and 
young children. 

The study has lower performance indices in 
chronic infections and acute spinal infections. 
Visualization of liver and bowel on later 
images can produce false positive images in 
patients with suspected IBD. 


FDG 


Radiotracer not 
infection. 

Cannot differentiate between infection and 
(sterile) inflammation. 

Cannot differentiate between infection and 


malignancy. 


uptake is specific to 
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Matching of Radiotracers Used for Specific 
Pediatric Infectious and Inflammatory 
Processes 


e MSK infections 
— Osteomyelitis: Tc-MDP, WBC, FDG 
— Discitis: Tc-MDP, FDG 
— Arthritis: Tc-MDP, FDG 

e FUO (including febrile neutropenia): 
FDG (Figs. 11.6, 11.7, 11.8 and 11.9) 

e IBD: FDG, WBC 

e Fungal infections: FDG 

e Inflammatory processes 
— Vasculitis: FDG (Fig. 11.10) 
— Chronic granulomatous diseases: 

FDG 


11.8 Take Home Messages 


Knowledge regarding the pre-test probability 

of infection is essential: 

— In low pre-test probability of infection and 
suspected chronic or non-bacterial pro- 
cesses, FDG imaging is preferred. 

— Incase of high WBC counts, ESR or CRP 
values: Tc-WBC scan can be the first test. 

— WBC accumulation is generally more spe- 
cific for infection than increased FDG 
uptake. 

e For WBC studies: 

— Images from different time points have to 
be displayed at the same intensity scale 
(Figs. 11.4 and 11.5). 

— Any adjustment of the image intensity 
scale must be applied to all images together 
to avoid operator bias. 

— Patients receiving antibiotic treatment 
should not be excluded from performing 
Tc-WBC scans. 

For FDG imaging: 

— Hyperglycemia and antibiotic treatment 
most probably do not affect significantly 
the diagnostic potential of the study in sus- 
pected infection [19, 20]. 
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— A specific dietary regimen has to be applied 
in patients evaluated for the suspicion or 
monitoring of a cardiac infectious process. 


MSK infection [21]: 


Three-phase bone scintigraphy, highly sensi- 
tive for diagnosing osteomyelitis in uncompli- 
cated bones is suboptimal in patients with 
pre-existing fracture or orthopedic hardware. 
Bone scintigraphy in non-oncological indica- 
tions is further discussed in detail in Chap. 10. 
Hybrid imaging is associated with a signifi- 
cant improvement in specificity (Figs. 11.3 
and 11.6). The SPECT/PET component 
detects the presence of an active process while 
on the CT component characteristic findings 
include areas of cortical destruction and adja- 
cent soft tissue abscess or empyema. 

Labelled WBC has been reported in only lim- 

ited studies/cases of MSK infection in chil- 

dren. If at all, in cases of MSK pathologies 
this test usually follows bone scintigraphy. 

FDG imaging shows high-performance indi- 

ces even in challenging settings such as [22]: 

Chronic and/or low-grade MSK infection (Fig 

11.6). 

— In the axial skeleton, including cases with 
suspected spinal fusion hardware infection 
(superior to WBC). 

— FDG imaging can also detects extraosseous 
lesions. 


FUO [6, 16, 23, 24] 


In children with FUO, the performance indi- 
ces are similar to those reported in adults. 
Has a higher positive yield in children with 
fever early during the disease (less than 3 
months), and in those with abnormal labora- 
tory investigations (leukocytosis, neutrophilia, 
high CRP, ESR) (Figs. 11.6, 11.7, 11.8, and 
11.9). 

Can identify organs or tissues likely to contain 
the source of fever, thus guiding further tests 
including tissue sampling procedures. 

Has a high NPV and it is thus unlikely to find 
a focal etiology of FUO in cases with a nega- 
tive study. 


11 Infection and Inflammation Imaging 


11.9 Representative Case 
Examples 


Case 11.1 Osteomyelitis, Tc-MDP (Fig. 11.1) 
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Fig. 11.1 History: A 6-year-old boy presented with a 
painful left knee. Radiographs were normal, and blood 
CRP and ESR were elevated. A whole-body bone scan 
was performed after injection of Tc-MDP. Study report: 
The dynamic (a) and blood pool (b) images show 
increased perfusion and hyperemia to the upper part of the 
left knee. Delayed planar scintigraphy of the region of the 
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knees (anterior view, c, and posterior view, d) shows focal 
increased tracer uptake in the left distal femoral metaphy- 
sis. The remainder of the whole-body scan was normal 
(not shown). Impression: The findings are suggestive of 
acute osteomyelitis. Blood cultures grew Staphylococcus 
aureus 
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Case 11.2 Osteomyelitis, Tc-MDP (Fig. 11.2) 


Fig. 11.2 History: A 10-year-old boy had surgery for and foot. Delayed whole-body scintigraphy (b) shows a 
septic arthritis of the right knee and ankle, with no signifi- “cold” area of absent radiotracer uptake in the proximal 
cant clinical improvement. Bone scintigraphy was per- two-thirds of the right tibia and decreased activity in the 
formed after injection of Tc-MDP for the suspicion of proximal tibial growth plate. There is also increased tracer 
additional sites of infection. Study report: Early whole- uptake in the right knee joint and foot. Impression: The 
body blood pool scintigraphy, anterior view (a, right) findings of a “cold bone” in this setting suggest a bony 
shows a rim of increased hyperemia surrounding an area abscess or bone necrosis. The child had surgery and a 
of decreased activity in the right tibia. Increased blood large volume of pus was drained from the tibia, confirm- 
pool activity is also seen in the region of the right knee ing the diagnosis of osteomyelitis 


11 Infection and Inflammation Imaging 191 


Case 11.3 Osteomyelitis in Complicated Bone, 
Tc-MDP (Fig. 11.3) 
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Fig. 11.3 History: An 18-year-old boy with post- (a left) there is focal increased tracer activity in the right 
traumatic right femoral amputation 18 months prior to this femoral stump. There is also diffuse increased uptake 
examination presented with a draining fistula from the along the bones of the left calf and foot due to limping. 
right femoral stump. Osteomyelitis was suspected and a SPECT/CT (b) indicates that the area of focal radiotracer 
bone scan was performed after administration of uptake in the right femoral stump corresponds to signs of 
Tc-MDP. Study report: Blood pool images (a, upper right chronic osteomyelitis on the CT component. Impression: 
quadrant) demonstrate hyperemia at the margin of the The findings suggest chronic osteomyelitis at the right 
right femoral stump. On delayed planar bone scintigraphy femoral stump 
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Case 11.4 Infected Hematoma of the Skull, 
Tc-WBC (Fig. 11.4) 
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Fig. 11.4 History: A 9-year-old girl presented one day 
after falling and hitting the right side of her head. She sub- 
sequently developed a hematoma and periorbital swelling. 
She had a 1-year background history of weight loss and 
proptosis compatible with thyrotoxicosis and developed a 
thyroid storm after the initial contrast brain CT. Due to 
ongoing temperature spikes, a blood culture was per- 
formed and was positive for Streptococcus constellatus, a 
bacteria known to cause abscess formation. The patient 
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24h 


did not respond to appropriate treatment and a Tc-WBC 
was requested. Study report: On the 3-h whole-body scan 
(a) there is an abnormal accumulation of Tc-WBC in the 
right-sided skull hematoma, increasing in intensity on the 
24-h study (b). Impression: The findings are suggestive of 
an infected hematoma on the right side of the skull. The 
patient was taken to surgery immediately after the scan 
and approximately 300 mL of pus was drained from the 
scalp lesion 
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Case 11.5 Inflammatory Bowel Disease, 
Tc-WBC (Fig. 11.5) 


90 min 


Fig. 11.5 History: An 18-year-old girl presenting with 
recurrent abdominal pain, fecal blood, and watery stool 
was evaluated with a Tc-WBC study for the clinical suspi- 
cion of inflammatory bowel disease. Study report: Planar 
scans at 15 and 45 min after tracer injection (a) show an 
area of abnormal tracer uptake in the right abdomen. 
Transaxial SPECT (b) and SPECT/CT (c) slices at the 
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level of the lower abdomen localize this focus of uptake to 
the terminal ileum. A delayed planar scan (a, bottom row) 
performed at 90 min post-injection shows the progression 
of the tracer activity into the ascending colon. Impression: 
The findings suggest terminal ileitis, further confirmed at 
endoscopy 
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Case 11.6 Chronic Recurrent Multifocal 
Osteomyelitis, FDG (Fig. ) 


Fig. 11.6 History: A 7-year-old girl presented with joint 
pain, fever, and abnormal lab tests (elevated ESR, CRP, 
ASLO). Bone scintigraphy and abdominal US were nor- 
mal and she was referred to PET/CT with FDG for further 
evaluation. Study report: Whole body maximum intensity 
projection (MIP) of the PET component (a) shows focally 
increased tracer uptake in both knees, involving the femo- 
ral and tibial metaphyses, also seen on transaxial PET/CT 
slices (b, ¢), as well as in both ankles, with no correspond- 
ing CT abnormalities. Impression: The findings suggest 
multifocal osteomyelitis, but a different etiology involv- 
ing the bony structures cannot be excluded. Further evalu- 
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ation with MRI was suggested. MRI of the left knee (not 
shown) demonstrated bone marrow edema, mild periosti- 
tis, and joint effusion. The differential diagnosis included 
chronic recurrent multifocal osteomyelitis, leukemia infil- 
tration, and eosinophilic granuloma. Tissue sampling was 
recommended. CT-guided biopsy of the left distal femur 
demonstrated the presence of marked fibrosis, reactive 
trabecular changes, and focal neutrophil infiltration, with 
no evidence of leukemic infiltrates. The patient was diag- 
nosed with chronic recurrent osteomyelitis and subse- 
quently showed a good response to treatment with 
methotrexate and steroids 
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Case 11.7 Fever of Unknown Origin (FUO), 
Aspergillosis, FDG (Fig. ) 


Fig.11.7 History: A 2-year-old girl with leukemia devel- 
oped pancreatitis secondary to chemotherapy followed by 
a persistent fever that did not respond to antibiotics. CT 
showed mild inflammatory changes in the lungs. A whole- 
body FDG PET/CT was performed to look for occult 
infective or inflammatory sites. Study report: FDG PET 
MIP image (a) and selected axial PET/CT slices at the 
level of the upper abdomen and chest (b, c) show multiple 
foci of abnormal tracer uptake throughout the subcutane- 
ous and soft tissues, the lungs, pancreas, and spleen (yel- 
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low arrows), with a specific focal site of uptake in the 
heart (c, yellow arrow). Impression: The findings are sug- 
gestive of possible mycotic deposits. Biopsy and culture 
of a skin lesion revealed Aspergillus. Following a change 
of treatment to more specific antifungal agents, the 
patient's clinical status improved. On a repeat PET/CT 
study performed 2 months later (not shown), there is 
marked improvement with the disappearance of most 
tracer avid foci 


196 


Case 11.8 FUO, Septic Emboli, FDG (Fig. 11.8) 
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Fig. 11.8 History: A 7-year-old girl presented with fever, 
39 °C, for 3 weeks. She had been previously diagnosed 
and treated for a urinary tract infection. She had positive 
blood cultures and echocardiography demonstrated the 
presence of endocarditis. FDG PET/CT was performed 
for further evaluation of potential extracardiac foci of 
infection. Study report: Coronal PET slices (a) show foci 
of increased tracer uptake in both lungs. Selected trans- 


Case 11.9 FUO, Pericarditis, FDG (Fig. 11.9) 


a 


Fig. 11.9 History: An 8-year-old girl previously treated 
for pneumonia complained of fever (39.4 C) for three 
weeks. C-reactive protein was elevated. Abdominal US 
was normal. A whole-body FDG PET/CT was performed 
in search of a focal etiology that could explain the high, 
prolonged fever. Study report: Selected coronal, sagittal, 
and transaxial PET slices (a) show increased linear tracer 
uptake located in thickened pericardium and mild pericar- 
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axial PET/CT (b) and CT (c) of the chest localize these 
sites of increased uptake to nodules and ground-glass 
opacities in both upper lung lobes and in a right lower lobe 
consolidation. Note also increased FDG uptake in an 
enlarged spleen. Impression: The findings are consistent 
with septic pulmonary emboli. Hypermetabolic spleno- 
megaly is considered to be reactive to the infectious 
process 


dial effusion surrounding the heart as demonstrated on 
transaxial PET/CT slices of the thorax (b). In addition, 
note physiologic tracer uptake in the thymus. Impression: 
The findings suggest the presence of pericarditis. Cardiac 
echography showed a new pericardial effusion. The 
patient was diagnosed with acute pericarditis and idio- 
pathic juvenile arthritis and showed an excellent response 
to treatment with NSAIDS 
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Case 11.10 Vasculitis, FDG—PET/MRI (Fig. 11.10) 


Fig. 11.10 History: A 12-year-old girl presented with 
persistent thoracic level back pain, intermittent fever, and 
elevated ESR. Cross-sectional imaging showed thicken- 
ing of her aortic arch and bilateral great vessels. Takayasu’s 
arteritis was diagnosed, and the patient was referred to 
FDG PET/MRI. Study report: The PET/MRI study (left 
PET-MIP, center column selected transaxial thoracic PET, 
MRI, and PET/MRI slices, right selected coronal cervical 
PET and MRI slices) shows increased FDG uptake in wall 
thickening of the left common carotid artery, extending 
from the origin to the bifurcation, and, to a lesser extent, 
along the caudal aspect of the right common carotid artery 
near the origin (arrows). In the chest, there is increased 
uptake in mild wall thickening of the thoracic aorta, 
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12.1 General Tracer-Related 
Parameters 


Radiopharmaceutical 
and Administered Activity 


The EANM pediatric dosage card and to the 
North American consensus guidelines on radio- 
pharmaceutical administration in children in the 
respective EANM and SNMMI and image gently 


web sites should be followed [1, 2]. 


Reference to national regulation guidelines, if 


available, should be considered. 
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Box 12.1 FDG Imaging Protocol [3-6] 


Patient Preparation 


Fast: 4 h before tracer injection and dur- 
ing the uptake. 
Good hydration with plain, unflavored 
water is allowed and encouraged. 
Measure and record patient’s height and 
weight on the day of the exam. 
Avoid strenuous exercise 24 h prior to 
scan. 
Discontinue glucose-containing IV flu- 
ids and parenteral nutrition from mid- 
night before test or minimum of 6 h. 
Blood glucose level must be measured 
before radiotracer administration and 
should be below 200 mg/dL (11.1 
mmol/L), preferably below 120 mg/dL 
(6.66 mmol/L). 
Date of last dose of potentially interfer- 
ing medications that may cause false 
positive and false negative altered bio- 
distribution should be recorded in tech- 
nologist/ study notes (see below in study 
interpretation). 
Brown fat reduction techniques include: 
— Early arrival (30-45 min prior to 
planned radiotracer injection time) to 
settle patient, establish IV line, and 
warm the patient in a temperature- 
controlled room with the addition of 
warm regular or electric blankets. 
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— Avoid cold and air-conditioned 
spaces in transportation prior to study. 

— Premedication such as benzodiaze- 
pines and beta-adrenergic blockers 
(oral propranolol, IV fentanyl, oral 
diazepam in moderate dose) may be 
carefully used as a second option in 
consultation with referring physi- 
cians and pediatric anesthetists. 


Radioisotope: 
e [/8F]-Fluorodeoxyglucose (FDG) 
Activity: 


e 3.7-5.2 MBq/kg (0.10-0.14 mCi/kg), 
minimum dose 26 MBq (0.7 mCi). 
Refer to the EANM pediatric dosage 
card and to the North American consen- 
sus guidelines on radiopharmaceutical 
administration in children in the respec- 
tive EANM and SNMMI and image 
gently web sites. 
Reference to national regulation guide- 
lines, if available, should be considered. 
e FDG activity can be reduced when using 
modern PET technology, to 0.06-0.08 
mCi/ kg 2.46-2.96 MBq/kg [7]. 


Acquisition Protocol 


e Uptake time: 60 min (+10%) between 
injection and scanning. 

e Patients should not talk, text, play video 
games, chew gum, or suck candies dur- 
ing the uptake phase. 

e Diapers should be changed in infants 
before the scan. 

e Acquisition parameters: 2—4 min/bed 
position (depending on equipment). 


Study Interpretation for FDG Imaging 
[8-10] 


Standardized elements to include in the PET/ 
CT report can be found at the SNMMI website 
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http://interactive.snm.org/docs/PET_PROS/ 

ElementsofPETCTReporting.pdf 

Abnormally increased FDG uptake should be 

described with respect to: 

— Intensity: mild, moderate, or severe, or 
compared to the blood pool and liver 
activity. 

— Pattern: focal, diffuse, linear. 
— Localization: based on CT or MRI. 
Physiological tracer distribution, including 
specific patterns in children: brain, salivary 
glands, lymphatic tissue of the Waldeyer’s 
ring, muscles, brown fat, myocardium, 
mediastinum, thymus, liver, kidneys and blad- 
der, gastrointestinal tract, testis, uterus, and 
ovaries. 

False positives, including specific patterns in 

children: 

— Infant mouth with feeding or sucking dur- 
ing the uptake phase. 

— Thymus: uptake decreases with age but 
may increase after chemotherapy, thymic 
rebound. 

— Brown fat: usually bilateral in the neck, 
supraclavicular regions, axillae, mediasti- 
num, paravertebral regions, and perineph- 

Infradiaphragmatic activity 
considered to be brown fat is seen, as a 
rule, in conjunction with supradiaphrag- 
matic brown fat. 

— Diffuse uptake in bone marrow following 
hematopoietic stimulating drugs such as 
G-CSF. 

— Increased uptake in infectious and inflam- 
matory processes, and in other benign 
entities. 

— Uptake in post-surgical scars. 

— Uptake in growth plate. 

False negatives: 

— Hyperinsulinemia and hyperglycemia. 

— Small lesions, with limited tracer avidity. 

— Low metabolic tumors are rare in children 
but may occur with differentiated thyroid 
cancer and well-differentiated NETs. 

— Tumor necrosis. 

— Recent radiation or chemotherapy. 

— Recent treatments such as high-dose corti- 
costeroid therapy and anti-retroviral 
medication. 


ric areas. 


12 Pediatric Malignancies 


Box 12.2 Radioiodinated Meta- 
lodobenzylguanidine (MIBG) Imaging 
Protocol [11, 12] 


Patient Preparation 


e Administer thyroid-blocking 
medication. 

e LUGOL solution: 

— Starting 2 days prior to and contin- 
ued for 3 days after injection. 

— Dose: 0.6 mL of 5 % solution/day, 
single dose or split into 2 x 0.3 mL 
doses. 

— Delivery: diluted in any drink such as 
milk or juice as may cause a burn in 
the throat if undiluted. 

e Supersaturated potassium iodide 
(SSKD;: 

— Starting 30-60 min prior to tracer 
administration, on day 0 and contin- 
ued for a week. 

— Dose: <1 month—one drop orally/ 
day; 1 month—3 years: 2 drops 
orally/twice a day; 3-18 years of age: 
3 drops orally/three times a day; >70 
kg—adult: 6 drops orally (2 drops/3 
times a day). 

e Potassium iodate (in individuals sensi- 
tive to iodine and if no other thyroid 
blockade is available). 

— Starting 1 h prior to tracer injection, 
up to 5 times within the next 36 h. 

— Dose: 10 mg/kg, maximum 500 mg, 
minimum 50 mg. 

— Delivery: 200 mg tablet can be 
crushed, dissolved in 2 mL of sterile 
water, and administered by syringe 
or placed on a sugar lump. 


Radiopharmaceuticals 


e ['*I]-MIBG—the current standard 
SPECT tracer. 

e [!°'I]-MIBG—should only be used if 
123I-MIBG or an alternative PET tracer 
is not available. 
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Activity 


123] MIBG: North American consensus 
guidelines recommend a dose of 5.2 
MBd/kg (0.14 mCi/kg), minimum dose 
of 37 MBq (1 mCi), and maximum dose 
of 370 MBq (10 mCi). The EANM pedi- 
atric dosage card recommends a slightly 
higher activity, minimum dose of 
37 MBq (1 mCi), and maximum dose of 
400 MBq (10.8 mCi). 

BIL MIBG: minimum injected dose of 
35 MBq (0.95 mCi) and maximum dose 
of 78 MBq (2.11 mCi). 


Acquisition Protocols 
123T_MIBG: 


Time of scan: 24 h post-injection. Rare 
images at 48 h are added to clarify sites 
with low-grade uptake. 

Collimator: medium energy is preferred, 

reduces scatter and septal penetration of 

high-energy photons; low energy can be 
also used. 

Planar scans: 

— In older children: whole-body ante- 
rior and posterior projections, 5 cm/ 
min, minimum 30 min, matrix 1024 
x 512 or 1024 x 256. 

— In young children: multiple spot 
views of the entire body are pre- 
ferred, matrix 256 x 256, trunk: 10 
min/500 Kcounts. Limbs and skull 
100 Kcounts, skull (anterior, poste- 
rior, left and right lateral views). 

— SPECT: 120 projections, 25-35 s/ 
step, matrix 128 x 128, iterative 
reconstruction. 

SPECT/CT, when available, is 

recommended. 


311 -MIBG: 


Time of scan: 48 h post-injection, pos- 
sible supplements at 72 h. 
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e Collimator: high energy or medium 
energy. 

e Planar scans: whole body, anterior and 
posterior images, scan speed 4 cm/min, 
or multiple spot views of the entire body 
(150 Kcounts/view). 

e SPECT and SPECT/CT as indicated. 


Study Interpretation for MIBG 
Imaging [11, 13, 14] 


Physiological biodistribution: myocardium, 
salivary and lacrimal glands, liver, lungs 
(blood pool on early images), bowel, renal 
collecting system, uterus (during menstrual 
period). 

— Adrenal glands: symmetric, mild (<to the 
liver), normal size on CT. 

— Brown fat. 

— Thyroid (uptake of free iodine in case of 
poor blockade). 

False positives: 

— Lung atelectasis, pneumonia. 

— Heterogeneous liver uptake (including 
focal uptake in the left lobe). 

— Kidneys and/or dilated ureters. 

— Rare-vascular malformations, accessory 
spleen, ectopic kidneys, foregut duplica- 
tion, hemorrhagic cysts, ovarian torsion, 
and hernia. 

False negatives: 

— MIBG-negative neuroblastoma (10% of 
cases) 

— MIBG-negative metastases 

— Small lesions, below the camera resolution 


Box 12.3 ['8F] Fluoro- 
Dihydroxyphenylalanine (FDOPA) Imaging 
Protocol [11, 15] 


Patient Preparation 


e Fast: 4h 
e Adequate hydration 
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e Drug withdrawal (48 h prior to tracer 
administration): aromatic L-amino acid 
decarboxylase (AADC), catechol-o- 
methyl transferase (COMT), and mono- 
amine oxidase (MAO) inhibitors. 

e Premedication with carbidopa: if used 
in children a dose of 2 mg/Kg is admin- 
istered 1 h before FDOPA injection. 


Activity 


e 3 MBdqd/Kg (0.08 mCi/Kg), minimum 
dose is 26 MBq (0.7 mCi). 


Acquisition Protocol 
e Uptake time: 60-90 min. 


e Acquisition parameters: 
position. 


3 min/bed 


Study Interpretation for FDOPA 
Imaging [16, 17] 


Physiologic biodistribution: 

— High: basal ganglia, liver, adrenals, pan- 
creas (variable). 

— Moderate: myocardium, skeletal muscles, 
growth plate. 

— Faint: breasts, oral cavity, esophagus, 
bowel. 

— Excretion: biliary (gallbladder and biliary 
tract) and urinary (kidneys, ureters, urinary 
bladder). 


e False positives: 


— Physiologically intense, variable uptake in 
uncinate process of pancreas. 

— Stasis in small intrahepatic bile ducts and/ 
or in the urinary system. 

— Growth plate fractures. 


e False negative: 


— Lesions adjacent to sites with high physio- 
logic uptake. 

— Small lesions. 

— Lesions with low tracer avidity. 


12 Pediatric Malignancies 


Box 12.4 [*Ga]-Peptides Imaging Protocol 
[15] 


Patient Preparation 


No fasting requiring. 

Drug withdrawal: therapy with short-/ 
long-acting somatostatin analogues (rare 
in children)—to avoid possible soma- 
tostatin receptor (SSTR) blockade. 
Short-acting: 1-2 days discontinuation. 
Long-acting: 4-6 weeks 
discontinuation. 


Radiopharmaceuticals 
°§Ga-DOTA-TATE, -TOC, -NOC. 
Activity 


2 MBd/kg (0.054 mCi/kg), minimum 
dose is 14 MBq (0.3 mCi). 


Acquisition Protocol 


Uptake time: 60 min (range 45-90 min) 
Field-of-view (FOV): true vertex-to-toe 
Acquisition parameters: 2—4 min/bed 
position 


Study Interpretation for *°Ga-Peptide 
Imaging [18, 19] 


e Physiologic biodistribution: 


High uptake: pancreas (uncinate process), 
spleen, kidneys, pituitary gland. 

Moderate uptake: liver, salivary glands, 
thyroid, bowel. 

Faint uptake: adrenals, prostate, breast. 


e False positives: 


Physiologic uptake in uncinate process, 
accessory spleens, splenosis, epiphyseal 
growth plates. 

Meningiomas. 

Skeletal lesions such as fractures, vertebral 
hemangioma, fibrous dysplasia. 
Inflammatory processes such as reactive 
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lymph nodes, 
changes. 

Urine contamination. 


post-radiation therapy 


False negatives: 


Small lesions. 

Lesions adjacent to sites with high physio- 
logic uptake. 

Tumors with low or variable SSTR 
expression. 

Lesion dedifferentiation. 


Box 12.5 Bone Imaging Protocols [20-24] 


Patient Preparation 


No need to fast. 

No need for medication withdrawal. 
Good hydration. 

Frequent bladder emptying between 
injection and delayed imaging, and 
immediately before scanning. 

Change diapers immediately before 
scanning. 


Radiopharmaceuticals 


[°'™Tc]Tc-methylene diphosphonate 
(MDP) or similar diphosphates. 
[!8F]sodium fluoride (NaF) 


Activity 


MDP: 9.3 MBaq/kg (0.25 mCi/Kg), min- 
imum dose 37 MBq (1.0 mCi). 
NaF 2.22 MBq/kg (0.06 mCi/kg), mini- 
mum dose 14 MBq (0.4 mCi). 

Refer to the EANM pediatric dosage 
card and to the North American consen- 
sus guidelines on radiopharmaceutical 
administration in children in the respec- 
tive EANM and SNMMI and image 
gently web sites. 

Reference to national regulation 
guidelines, if available, should be 
considered. 


Acquisition Protocols 
Bone scintigraphy 


Position: supine, comfortably secured to 

the bed. 

Collimators: high- or ultrahigh low 

energy, parallel hole collimator. 

Time of scanning: at 24 h 

post-injection. 

Acquisition parameters: 

Whole body sweeps with bed speed 

adjusted to the child’s age. 

— 8cm/min for ages 4-8 years. 

— 10cm/min for ages 8-12 years. 

— 12 cm/min for ages 12-16 years. 

— 15 cm/min over 16 years of age. 

Alternative: multiple spot views over 

entire skeleton, anterior and posterior 

projections, matrix 256 x 256, counts: 
torso 500 Kcounts, skull 300 Kcounts, 
knees 100-200 Kcounts, hands and feet 

50-100 Kcounts. 

SPECT 120 projections, 15-30 s/view, 

matrix 128 x 128 should be included: 

— To areas of localized symptoms. 

— If an abnormality is detected on pla- 
nar imaging. 

SPECT/CT, if available should replace 

SPECT [25]. 

— For the CT component of SPECT/ 
CT—tube setting will depend on 
whether the CT is intended to be low 
dose or fully diagnostic. 

P 24-h scan can be performed: 

In cases of uncertain findings on rou- 
tine 3-h scintigraphy. 

— When residual bladder activity over- 
lies the pelvis and the child refuses to 
urinate or when bladder emptying is 
incomplete. 


Bone NaF PET/CT: 


Time of imaging: at 30—45 min after 
tracer injection. 

Position: supine; arms by the sides for 
whole-body imaging, elevated when 
only the axial skeleton is scanned. 
Acquisition parameters: 2-5 min /bed 
position, varies depending on injected 
amount, BMI, and camera. 
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Study Interpretation for Bone 
Imaging 


e Physiologic tracer biodistribution: 
— Homogeneous throughout the entire 
skeleton. 
— Visualization of kidneys, ureters, bladder. 
— Increased uptake in metaphyses of children 
and adolescents. 
e Abnormally increased skeletal uptake should 
be described with respect to: 
— Intensity higher or lower than in adjacent 
or in corresponding contralateral bone. 
— Pattern: focal or diffuse. 
— Location and number of foci. 
— Patterns of ST uptake: 
Diffuse decreased: due to increased het- 
erogeneous uptake in bone. 
Diffuse increased: renal failure, short 
uptake time, of significant tracer extrav- 
asation at the injection site. 
Focal increased: infection/inflamma- 
tion, trauma, (calcified) ST metastasis. 
e Pitfalls 
— Urinary contamination or diversion 
reservoirs 
— Injection artifacts 
— Patient motion 
— Faulty energy window for image acquisition 


12.2 Lymphoma and Sarcoma 


Clinical Indications—Imaging 
with FDG (see also Box 12.1) [22, 
26-29] 


e Staging/restaging 

e Metastatic workup in sarcoma 

e Response assessment 

° End of therapy baseline 

e Biopsy site planning 

e Confirmation of equivocal or discrepant find- 
ings on other imaging studies 
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Specific Study Interpretation Criteria 
Lymphoma [30] 


e The (Deauville) five-point scale can be used in 
the assessment of treatment response in HL 
and NHL. 

— Score 1: No uptake above the background. 

— Score 2: Uptake < mediastinum. 

— Score 3: Uptake > mediastinum but < liver. 

— Score 4: Uptake moderately increased 
compared to the liver at any site. 

— Score 5: Uptake markedly increased com- 
pared to the liver at any site. 

— Score X: New areas of uptake unlikely to 
be related to lymphoma. 


Sarcoma [31-33] 


e Reduction in standard uptake values (SUV) 
max from baseline of greater than 50% has 
been associated with overall improved 
progression-free survival. 


Correlative Imaging [34] 


e Chest radiograph may be the first examination 
in a child presenting with chest/ mediastinal 
symptoms and can identify mediastinal mass 
and possible tracheal compression. 

e US of the abdomen and pelvis may identify 
lymphadenopathy but is not adequate for stag- 
ing purposes. Cross-sectional imaging with 
contrast-enhanced CT and or MRI will be the 
next cross-sectional imaging study. 

e PET/CT and/or PET/MRI may be performed 
as next cross-sectional imaging in some insti- 
tutions without intermediate stand-alone CT 
or MRI study. 

e In suspected sarcoma radiographs will be the 
first study in a child presenting with focal 
pain. Cross-sectional imaging with 
contrast-enhanced CT and dedicated high- 
resolution MRI will follow. 
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Red Flags 


Good hydration prior to tracer administration 
will accelerate and increase excretion of the 
excess radiotracer. 

If blood glucose levels are above 200 mg/dL 
(11.1 mmol/L), the study should be resched- 
uled, if possible. In diabetic patients, consulta- 
tion with treating endocrinologist can be 
helpful in case of complex diabetic or insulin 
requirements. 

Check the quality of images and of factors that 
may influence the SUV before reporting. 
Study scheduling: in patients after treatment 
the study should be ideally scheduled at least 
14 days after the last course of chemotherapy, 
and 2 months after surgery and 3 months after 
radiotherapy. 

Semiquantitative analysis, in particular, SUV 
measurements, should be used with caution. 
PERCIST criteria have not been validated in 
children. 

FDG-PET is recommended in surveillance of 
lymphoma only in selected cases, determined 
by clinical situation [30]. 

Base of the skull to mid-thigh examination has 
been found sufficient in patients with lym- 
phoma [35]. 

Staging scans performed after the initiation of 
treatment may result in false-negative studies 


[36]. 


Take Home Messages 


FDG is taken up by malignant cells via glu- 
cose membrane transporters and phosphory- 
lated by hexokinase into FDG-6-Phosphate, 
which does not follow further enzymatic path- 
ways and accumulates proportionally to the 
glycolytic cellular rate. 

Fasting decreases serum glucose levels and 
maintains a low insulin level. 

The 60 min uptake time is needed for absorp- 
tion and clearance of the radiotracer. 


206 


e Patients should not talk, text, play video games, 
chew gum, or suck candies during the uptake 
phase to avoid FDG uptake in tense muscles. 

e PET imaging for staging in pediatric lym- 
phoma should be given high priority for 
scheduling pre-therapy, especially in patients 
with critical condition. 

e Whole-body PET studies, from vertex to 
toes, should be performed in sarcoma and 
most of the pediatric solid cancers since the 
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Fig. 12.1 History: An 18-year-old boy with diffuse large 
B-cell NHL was referred for staging. Study report: FDG- 
PET MIP (a) and selected PET, CT, and PET/CT trans- 
axial slices at the level of the upper chest (b) show an area 
of intense, inhomogeneous, abnormal tracer uptake in a 9 
x 9 cm mass in the anterior mediastinum, involving the ST 
and bone, specifically the left 1—4 ribs and sternum, with 
suspected involvement of the left lung. Note physiological 
cervical and axillary uptake in brown fat. There are no 
other sites of nodal hypermetabolism in the neck and 
chest, and no pulmonary nodules. There is no nodal 
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diseases can often occur distal to elbows 
and knees. 

Representative Case Examples 
Case 12.1 Diffuse Large B-cell Non- 


Hodgkin’s Lymphoma (NHL), Staging 
(Fig. 12.1) 


hypermetabolism in the retroperitoneal or pelvic lym- 
phatic chains. The spleen is normal in size and tracer avid- 
ity. There is focal increased physiological tracer uptake in 
paraspinal and right suprarenal brown fat. There are no 
areas of abnormal uptake in the appendicular and axial 
skeleton. Impression: The findings are consistent with 
lymphoma of the mediastinum involving bony structures 
and possibly the left lung. The patient received four 
courses of chemotherapy and a repeat FDG-PET/CT 
study (not shown) demonstrated a complete metabolic 
response 
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Case 12.2 Burkitt’s Non-Hodgkin’s 
Lymphoma (NHL)—Staging (Fig. 12.2) 
a 


Fig. 12.2 History: A 9-year-old boy with newly diag- 
nosed Burkitt’s NHL following biopsy of the nasopharynx 
was referred for staging. Study report: FDG-PET MIP (a) 
and selected transaxial slices PET, CT, and PET/CT of the 
head (b) show intense pathological tracer uptake in a mass 
involving the nasopharynx, the oropharynx, and the base 
of the skull. Low-to-medium intensity uptake (SUVmax 
2.24-5.51) is noted in 8 mm cervical lymph nodes, more 
prominent on the left. There is no nodal hypermetabolism 
in the chest and no pulmonary nodules. There is no nodal 
hypermetabolism in abdominal, retroperitoneal, or pelvic 
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lymphatic chains. The spleen is normal in size, with 
homogenous, mildly increased tracer avidity. There are no 
areas of abnormal uptake in the appendicular and axial 
skeleton. Impression: The findings are consistent with 
lymphoma involving the nasopharynx and possibly cervi- 
cal nodes, mainly on the left side of the neck. Low- 
intensity activity in additional cervical lymph nodes can 
be related to an inflammatory reaction. Diffuse, homoge- 
nous tracer activity in the spleen, most probably due to 
increased hematopoiesis or an inflammatory reaction 
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Case 12.3 Hodgkin Lymphoma (HL), Staging, 


Monitoring Treatment Response and 
Follow-Up (Fig. 12.3) 
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Fig. 12.3 History: A 7-year-old boy with newly diag- 
nosed HL. Study report: At staging (a) FDG-PET MIP 
and selected transaxial PET, CT, and PET/CT slices at the 
level of the upper neck show intense abnormal tracer 
uptake in a nodal mass involving the neck and supra- and 
infra-clavicular regions on the right. Note also mild 
increased physiologic activity in bilateral infraclavicular 
sites of brown fat and in the thymus in the anterior medi- 
astinum. There is no nodal hypermetabolism in the chest 
and no pulmonary nodules. There is no nodal hyperme- 
tabolism in the abdominal, retroperitoneal, or pelvic lym- 
phatic chains. The spleen is normal in size and tracer 
avidity. There are no areas of abnormal uptake in the 
appendicular and axial skeleton. Impression: 
Supradiaphragmatic sites of nodal HL. The patient 
received treatment according to protocol and achieved a 
complete response. At the end of treatment (b): MIP and 
selected PET, CT, and transaxial PET/CT slices at the 
level of the upper mediastinum show that the supradia- 
phragmatic abnormal uptake foci in sites of HL have dis- 
appeared. There is mild-to-moderate tracer activity in an 
enlarged hyperplastic thymus and in sites of physiologic 
brown fat above the diaphragm. There is no nodal hyper- 
metabolism in the neck and chest and in the abdominal, 
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retroperitoneal, or pelvic lymphatic chains. There are no 
pulmonary nodules. The spleen is normal in size and 
tracer avidity. There are no areas of abnormal uptake in 
the appendicular and axial skeleton. Impression: No evi- 
dence of active HL. Increased uptake in the thymus, con- 
sistent with post-treatment hyperplasia. The patient was 
followed up and re-evaluated 2 years later for suspicion of 
recurrence. At restaging (c): MIP (left), selected coronal 
PET slices (center) and transaxial PET, CT (with bone 
windows), and PET/CT slices at the level of the lower tho- 
rax (right) show new, intensely abnormal tracer uptake in 
significant lymphadenopathy in the left cervical, supra- 
and infra-clavicular regions. Note mild physiologic uptake 
in a hyperplastic thymus. There is no nodal hypermetabo- 
lism in the chest and in abdominal, retroperitoneal, or pel- 
vic lymphatic chains. There is a new focal site of increased 
tracer uptake in the T9 vertebral body, with no corre- 
sponding lesion seen on CT. In addition, there is diffuse 
homogeneous increased activity throughout the skeleton. 
Impression: The findings are consistent with sites of nodal 
and skeletal recurrence of HL. Diffuse increased tracer 
activity in the skeleton, most probably reactive to 
increased hematopoiesis 
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Case 12.4 Post-transplant 
Lymphoproliferative Disorder (PTLD), 
Transformation to Non-Hodgkin’s 
Lymphoma (NHL)-PET/MRI (Fig. 12.4) 


/ 


Fig. 12.4 History: A 7-year-old boy with known hetero- 
taxy. Status after heart transplant in 2013, presented with 
a left neck mass. At clinical examination, he was found to 
have diffuse lymphadenopathy, small bowel intussuscep- 
tion, and kidney masses. The patient was referred with a 
suspicion of PTLD. PET/MRI was performed after 
administration of FDG and contrast for the MRI compo- 
nent. Study report: MIP images of FDG-PET and MRI 
demonstrate tracer activity in both maxillary sinuses, in a 
right costo-phrenic lymph node and in bilateral avid pul- 
monary nodules, mainly in a left apical pleural-based 
lesion. There is focal uptake in bowel in the right upper 
quadrant, due to small bowel-small bowel intussusception 
seen on prior CT. There is abnormal uptake in a conglom- 
erate of left renal masses. There is no nodal hypermetabo- 
lism in the abdominal, retroperitoneal, or pelvic lymphatic 
chains. The spleen is absent, consistent with the history of 
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heterotaxy. There are multiple abnormal foci of tracer 
uptake in the skeleton. A soft tissue mass encompasses the 
left mandibular ramus. Additional foci of increased activ- 
ity are seen in the mandible and maxilla bilaterally, the 
occiput, the left glenoid, the pelvic bones, the right femo- 
ral shaft, and the left femoral neck. Diffuse bony involve- 
ment includes multilevel vertebral bodies, some with soft 
tissue and epidural extension. There is increased uptake 
and enhancement along multiple nerve roots, such as the 
sacral nerves and left L2 nerve root. Impression: The find- 
ings are consistent with diffuse FDG-avid disease includ- 
ing bony involvement of the axial and appendicular 
skeleton, bilateral renal masses, lymphadenopathy above 
the diaphragm, bowel involvement, and lung lesions, sug- 
gesting PTLD with transformation to NHL, further con- 
firmed by subsequent biopsy. Status after known 
heterotaxy and orthotopic heart transplant 
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Case 12.5 Osteosarcoma, Metastatic to Bone, 
Staging (Fig. 12.5) 
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Fig. 12.5 History: A 14-year-old girl presented for eval- 
uation of a destructive lesion in the right distal femur sug- 
gestive of a primary bone tumor. Study report: There is no 
nodal hypermetabolism in the head and neck. Note physi- 
ological cervical and axillary uptake in brown fat. There is 
no nodal hypermetabolism in the chest and no pulmonary 
nodules. There is no nodal hypermetabolism in abdomi- 
nal, retroperitoneal, or pelvic lymphatic chains. The 
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spleen is normal in size and tracer avidity. There is intense 
tracer uptake in the known lesion in the distal right femur 
seen on the FDG-PET MIP image (a). Additional foci of 
moderately increased tracer uptake are seen in mixed, 
lytic-blastic bone lesions in the right proximal humerus 
(b, arrow) and L2 vertebral body (c, arrow). Impression: 
The findings are consistent with right femur osteosarcoma 
with skeletal metastases 
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Case 12.6 Metastatic Rhabdomyosarcoma 
(Fig. 12.6) 


Fig. 12.6 History: A 14-year-old boy presented with a 
left testicular mass. FDG-PET/CT was performed for 
staging evaluation. Study report: MIP (left), transaxial 
(center) and coronal (right) CT, PET, and fused slices at 
the level of retroperitoneal lymphadenopathy demonstrate 
focal increased tracer activity in the left testicular mass 
(thin arrow), hypermetabolic left retroperitoneal paraaor- 
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tic lymphadenopathy, extending from the level of the left 
kidney (thick arrow and arrowhead) to just above the blad- 
der. Impression: The findings are consistent with left tes- 
ticular neoplasm with left retroperitoneal extensive 
metastatic lymphadenopathy. Biopsy diagnosed 
rhabdomyosarcoma 
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12.3 Neuroblastoma 


Clinical Indications [11] 


Staging. 

Prognostic information based on scoring 
methods measuring disease extent. 
Assessment of response to treatment. 
Restaging of recurrence. 

Long-term surveillance. 

Imaging prior to treatment with radiolabelled 
tracers: |3I-MIBG scan will determine 
whether a neuroblastoma is tracer-avid and 
treatment with '3!J- MIBG can be considered. 


Correlative Imaging [37, 38] 


Neuroblastoma will often present as an 
abdominal mass and the US will be the initial 
imaging study. Characteristic calcification and 
location of disease may suggest the likelihood 
of neuroblastoma diagnosis. 

Bone scintigraphy is not routinely performed 
in a child presenting with suspected neuro- 
blastoma since MIBG scintigraphy and PET 
imaging have replaced this test. However, a 
child presenting with bone pain or limp may 
have initial imaging with a bone scan. 

Bone scintigraphy in a patient with suspected 
neuroblastoma can show typical abnormal, 
often symmetrical metaphyseal activity, focal 
bony lesions in the axial and appendicular 
skeleton as well as soft tissue uptake in a, 
mainly abdominal, mass (see Case 12.14. and 


Fig. 12.15). 

Plain radiographs can show no abnormalities 
in cases with skeletal involvement of 
neuroblastoma. 


MRI is the most common study performed to 
evaluate a mass in the chest, abdomen, and/or 
pelvis, in a child with neuroblastoma. It is 
mandatory when epidural and intracranial dis- 
ease is suspected. 

CT scans may also be used for imaging evalu- 
ation of chest, abdomen, and pelvic disease 
suspected to be neuroblastoma. It is not ade- 
quate as the single cross-sectional anatomic 
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imaging modality when epidural or intracra- 
nial disease is suspected. 


MIBG Scintigraphy of Neuroblastoma 


Specific Study Interpretation Criteria 
(See also Box 12.2—Imaging 
with MIBG) 


Pathological tracer uptake is found in the pri- 
mary tumor and in metastases in lymph nodes, 
liver, bone, bone marrow, and rarely, skin, 
lungs, and brain. 


MIBG Scoring Systems [39] 


Provides a semiquantitative assessment of ini- 

tial disease burden and response to therapy. 

It is used for treatment tailoring and for 

prognosis. 

Two validated scoring systems are in use: 

— The Curie Score (Children’s Oncology 
Group—COG) divides the skeleton into 9 
compartments and a 10th compartment 
for the soft tissues. The uptake score for 
each compartment ranges from 0 to 3 
[40]. 

— The SIOPEN score (International Society 
of Paediatric Oncology Europe 
Neuroblastoma), only scores skeletal dis- 
ease. The skeleton is divided into 12 seg- 
ments. The uptake score for each segment 
reflects the disease extent in that segment 
and ranges from 0 to 6 [41]. 


Red Flags [14] 


Careful drug history should be obtained before 
imaging. Numerous drugs interfere with the 
uptake or retention of MIBG and should be 
discontinued for approximately 4 biological 
half-lives. A detailed list of interfering drugs, 
most of them rarely used in children, can be 
found in Appendix 1 of the EANM guidelines 
[11]. The main drugs to be withdrawn in 
children are those used for symptomatic treat- 
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ment of asthma and of upper respiratory tract 
infections (decongestants), and occasional 
antihypertensive drugs. 

Thyroid blockage medication is required to 
prevent unnecessary irradiation of the thyroid 
gland by free radioiodine. Sedation, especially 
important for SPECT/CT, may be required 
because most children undergoing MIBG 
scintigraphy are young, and acquisition takes 
60-90 min. In some occasions, feeding and 
bundling the infant prior to scan is all that is 
required to keep the child immobile. 

Slow administration of the tracer reduces the 
likelihood of adverse reactions such as hyper- 
tension, nausea, vomiting, and pallor that may 
occasionally occur. 

Children should be monitored during, and for 
a short time after, MIBG injection. 

The most appropriate collimator type for 
31-MIBG imaging varies among different 
manufacturers and should be decided based on 
the equipment available in each department. 
In young children, multiple spot views should 
be used because of higher count density and 
improved spatial resolution. Multiple views 
obtained for the skull (anterior, posterior, left, 
and right lateral views) improve detection of 
orbital and skull base lesions. 

A full bladder can conceal pelvic lesions. 
Post-void images, SPECT, and/or SPECT/CT 
of the pelvis and less commonly, bladder cath- 
eterization can be employed. 


Take Home Messages [14] 


Primary tumors most commonly originate 
from the adrenal gland or from the sympa- 
thetic ganglia, along the abdominal, thoracic, 
and rarely cervical spine. 

MIBG is an iodinated analogue of guanidine, 
structurally similar to norepinephrine (NE). It 
shares the same transport pathway as NE via 
the cell membrane NE transporter system. In 
the cytoplasmic compartment, MIBG is stored 
in the neurosecretory granules. 

For functional imaging assessment of neuro- 
blastoma, !I-MIBG is considered a first-line 
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test. It is the current standard due to appropri- 

ate physical characteristics for the best image 

quality and dosimetry. 

e BILMIBG should not be used for diagnostic 
purposes due to poor image quality and higher 
radiation exposure. 

e About 10% of neuroblastomas do not accu- 
mulate MIBG. 

e Any MIBG uptake in the skeleton indicates 
metastatic disease. 

e SPECT/CT is of particular value for: 

e Differential diagnosis of heterogeneous 
hepatic tracer uptake, a known physiologic 
pattern vs. metastatic involvement. 

e To distinguish intracranial from skull lesions. 
Lesions involving the calvarium are on rare 
occasions due to cerebral metastases. 

e Distinction between cortical bone and bone 
marrow metastases. 

e Discrepancy in MIBG uptake between the pri- 
mary tumor and metastases may be due to: 

— Biological heterogeneity in populations of 
tumor cells can alter their MIBG avidity. 

— Changes occur during the course of the dis- 
ease course. 

— MIBG avidity of relapsed disease might 
differ from the initial disease. 

— After treatment, uptake in residual tumor 
deposits may persist due to differentiation 
of the tumor to mature MIBG-avid 
ganglioneuroma. 

— MIBG imaging plays a theranostic role in 
the assessment of neuroblastoma. 

— Alternative imaging of neuroblastoma with 
PET tracers can be considered. 


PET Imaging of Neuroblastoma (see also Box 
12.1, Box 12.3, and Box 12.4) 


Clinical Indications [42, 43] 


e Alternative metabolic imaging in cases of 
MIBG-negative or weakly positive tumor. 

e When radiologic imaging modalities show 
more disease than MIBG scintigraphy. 

e Advantages of PET imaging of neuroblastoma 
include: 
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— One-day appointment 

— No need for iodine blockage 
— Faster scan 

— Lesser need for anesthesia 

— Improved lesion detectability 
— Quantitation of tracer uptake 


FDOPA [44—46] (See also Box 12.3) 


FDOPA uptake is relatively specific for NETs 
including neuroblastoma. When available, it is 
considered the preferred PET alternative to 
231-MIBG. 


Red Flags 


In adults, carbidopa reduces physiologic uptake 
in peripancreatic region and increases uptake in 
lesions. However, there is no consensus regard- 
ing the use of carbidopa in children. 

Avoid misinterpretations by performing late 
imaging after ambulation/hydration/diuretic 
administration. 


Take Home Messages [47] 


DOPA is present in the nervous system as a 
precursor of dopamine and FDOPA PET 
imaging tracks the metabolism of 
catecholamines. 

Neuroblastoma FDOPA PET imaging pro- 
vides a sensitive and specific assessment of 
the disease status. While being a relatively 
specific tracer for NETs other indications are 
also known. 

Small-scale studies comparing FDOPA with 
'231-MIBG in children show a higher sensitiv- 
ity of the former tracer and superior detect- 
ability of small metastases in bones, soft 
tissues, and bone marrow. 


FDG [5] (see also Box 12.1) 


Advantages: 
— Uptake is proportional to the degree of 
malignancy. 
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— Prognostic value with higher FDG uptake 
at diagnosis is associated with poorer 
prognosis. 

— It can differentiate between residual active 
tumor and benign ganglioneuromas which 
maintain MIBG avidity but are typically 
FDG negative. 

e Limitations: 

— Lack of specificity, mainly for assessing 
the presence of bone marrow involvement, 
a very common location for neuroblastoma 
metastases and also a site of physiologic 
FDG uptake. 

— Cranial vault lesions may be difficult to 
detect on FDG imaging due to the adjacent 
high brain activity. 


8GA-PEPTIDES [15, 48, 49] (see also Box 
12.4) 


Clinical Indication 


e Ga-peptides target SSTR which are com- 
monly expressed in neuroblastoma cells. 

e To select suitable patients for theranostics 
using peptide receptor radionuclide therapy 
(PPRT). 


Red Flags 


e Poorly differentiated tumors have a low affin- 
ity for the tracer. 

e Inflammatory processes such as reactive 
lymph nodes or post-radiotherapy changes 
may show some degree of tracer activity, 
usually of mild intensity, due to the expression 
of SSTRs in activated lymphocytes. 

e Further validation is required prior to increas- 
ing the utilization of this modality in routine 
clinical practice. 

e SSTR imaging to determine whether a NET is 
receptor positive. Peptide receptor radionu- 
clide therapy (PRRT) such a '”Lu-DOTA- 
octreotate is, in pediatric patients, still 
investigational. 
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Take Home Messages 


e Pathological uptake in neuroblastoma is typi- 
cally intense SUVs. 

e Somatostatin receptor imaging of neuroblas- 
toma is a sensitive, second-line PET alternative 
to '3I-MIBG with a potential for theranostic 
application. 

e All these tracers target SSTRs. 


Anterior Saul 


Posterior Skull 


Fig. 12.7 History: A 16-month-old boy presented with 
multiple soft tissue masses over the right eye and the right 
thigh, and an additional palpable mass in the abdomen. 
Biopsy of the right thigh mass and of the bone marrow 
diagnosed neuroblastoma. Study report: MIBG scintigra- 
phy, anterior and posterior planar spot views of the whole 
body, demonstrate foci of abnormally increased tracer 


Posterior Pelvis 
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e They have rapid clearance from the blood and 

renal excretion. Maximum tumor activity is 
reached at 70 + 20 min. 


Relevant Case Examples 


Case 12.7 Metastatic Neuroblastoma—MIBG 
Scintigraphy (Fig. 12.7) 
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uptake involving the known soft tissue masses in the roof 
of the right orbit, in the right upper abdomen (with a cold, 
photopenic, central area, most probably necrosis) and the 
upper right thigh. There are also multiple foci of increased 
tracer uptake in the skeleton, in the left mandible, ribs, and 
vertebrae. Impression: The findings are consistent with 
metastatic neuroblastoma 
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Case 12.8 Metastatic Neuroblastoma, 
Response to Treatment—MIBG Scintigraphy 
(Figs. 12.8 and 12.9) 
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Fig. 12.8 History: An 18-month-old infant girl presented 
with a large abdominal mass suspected of neuroblastoma. 
A baseline MIBG scan was obtained for initial staging. 
Study report: Planar spot images of the whole body (a) 
show intense tracer uptake in the abdominal mass, as well 
as in multiple skeletal metastases in the skull, upper limbs, 
pelvis, and lower limbs. SPECT, low dose CT and SPECT/ 
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Fig. 12.9 A follow-up '”I-MIBG scan was obtained 2 
months after the start of treatment according to the ther- 
apy protocol. Study report: MIBG scintigraphy, anterior, 
and posterior planar spot views of the whole body, (a) 
show normal tracer distribution with a resolution of the 
uptake in the abdominal tumor and in the metastatic sites. 
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CT transaxial, sagittal, and coronal slices (b-d) show a 
left paravertebral, metastatic mediastinal mass (cross hair) 
that was not evident on planar images. Impression: The 
findings suggest metastatic neuroblastoma, further con- 
firmed by biopsy of the abdominal mass. The patient 
started induction chemotherapy 


Transaxial, sagittal, and coronal SPECT, CT, and SPECT/ 
CT slices (b-—d) demonstrate that the size of the abdomi- 
nal tumor has significantly decreased. The crosshair is 
positioned over a calcified portion of the residual tumor 
and shows no tracer uptake. Impression: The findings 
indicate a complete metabolic response 
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Case 12.9 Metastatic Neuroblastoma, 
Heterogeneous Uptake on MIBG 
Scintigraphy (Fig. 12.10) 


Fig. 12.10 History: A 
2-month-old girl presented with 
a large right-sided abdominal 
neuroblastoma and massive 
enlargement of the liver. MIBG 
SPECT/CT was obtained for 
initial staging. Study report: 
scintigraphy, anterior and 
posterior spot views of the 
whole body (a) shows intense 
tracer uptake in a huge liver 
occupying both sides of the 
abdomen. Tracer activity in the 
rest of the body is faint. Using 
manipulation of the image gray 
scale (b) physiological tracer 
localization is identified in the 
orbits, skull base (arrows), and 
lower limbs. Transaxial and 
sagittal SPECT (c) and fused 
SPECT/CT slices (d) show 
intense tracer uptake in an 
enlarged liver occupying both 
sides of the abdomen. There is 
no appreciable MIBG uptake in 
the primary tumor in the right 
upper abdomen (crosshair). 
SPECT co-registered to an 
external diagnostic, contrast- 
enhanced CT to better delineate 
the primary tumor (e-g) shows 
no MIBG uptake in a large 
abdominal tumor. Impression: 
The findings are consistent with 
a non-MIBG-avid abdominal 
neuroblastoma with MIBG-avid 
metastases to liver and bone 
marrow. The difference in 
MIBG avidity between the 
primary tumor and the distant 
metastases reflects the 
biological heterogeneity of 
neuroblastoma cell populations 
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Case 12.10 Neuroblastoma, Tumor 
Progression, PET/CT with FDOPA 
(Fig. 12.11) 


Fig. 12.11 History: A 5-year-old boy presenting with a 
thoracoabdominal mass was referred with the suspicion of 
neuroblastoma. Study report: At diagnosis MIP (a) and 
selected transaxial PET, CT, and PET/CT slices at the 
level of the lower thorax/upper abdomen (b) show an area 
of inhomogeneous abnormal tracer uptake (SUVmax up 
to 6.4) in a heterogeneous mass, 7 x 10 x 10 cm in size, 
located right paravertebral to the lower thoracic spine, 
most probably involving the right foramina of T10. There 
is no increased activity in lymph nodes in the neck and 
chest and in the abdominal, retroperitoneal, or pelvic lym- 
phatic chains. There are no pulmonary nodules. The 
spleen is normal in size and tracer avidity. There are no 
areas of abnormal uptake in the appendicular and axial 
skeleton. Impression: The findings suggest the diagnosis 
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of neuroblastoma with suspected involvement of the right 
foramina of T10. The diagnosis of intermediate-risk neu- 
roblastoma was confirmed by pathology. Laminectomy of 
T7-T10 with partial surgical removal of the tumor was 
performed and protocol treatment was started. At 2 
months post-surgery a 2nd FDOPA PET/CT study was 
performed prior to the institution of a new treatment line. 
MIP (c) and selected coronal PET slices (d) demonstrate 
intense abnormal tracer uptake in new right supraclavicu- 
lar lymphadenopathy, in a conglomerate of pleural nod- 
ules in the right hemithorax that involve the mid- and 
lower mediastinum and the chest wall muscles and in 
right para-aortic lymph nodes (arrow). Impression: The 
findings demonstrate significant tumor progression 
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Case 12.11 Metastatic Neuroblastoma, PET/ 
CT with “Ga-DOTATATE PET/CT 
(Fig. 12.12) 


Fig. 12.12 History: An 

8-year-old girl with 

refractory stage 4 

neuroblastoma was 

referred to PET/CT to 

determine suitability for . 
'Lu-DOTATATE > 

therapy. Study report: 
PET MIP, anterior, and 
posterior views, show 
multiple areas of 
abnormal tracer uptake 
in the primary tumor in 
the upper abdomen and 
in skeletal metastases . 
involving vertebrae, the o 
pelvis, and proximal e 


femuri. Impression: The at . 2 ; 
a 
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findings are consistent 

with metastatic P 

neuroblastoma with 
SSTRs, a suitable 

candidate to PRRT 
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12.4 Other Neuroendocrine 
Tumors 


°&8GA-PEPTIDE IMAGING OF NETS (see also 
Box 12.4—Imaging with *Ga-peptides) 


Clinical Indications [15] 


e Localization and characterization of NETs 
with the expression of high density of SSTR 
such as succinate dehydrogenase (SDHx)- 
mutated NETs and head and neck PGL when 
'8F_FDG-PET is negative. 

e Detection of occult NETs in cases of meta- 
static tumors with unknown primary or if high 
serum tumor markers are found. 

e Characterization of a bronchial tumor mass. 

e In the theranostic setting, when PRRT is 
considered. 


Red Flags [50] 


e Brown fat visualization is not a common prob- 
lem in “Ga-peptide imaging in NETs. 


Take Home Message 


e In well-differentiated NETs, °Ga-peptides 
PET imaging has a higher detection rate as 
compared to FDG imaging which may play a 
complementary role, especially in cases of 
poorly differentiated tumors known to show 
high FDG avidity. 

e Ga-peptides PET may evolve as a preferred 
imaging modality for disease surveillance in 
certain cancer predisposition or premalig- 
nancy syndromes (e.g., von Hippel Lindau 
disease). 
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FDOPA IMAGING OF NETS (See also Box 
12.3—Imaging with FDOPA) 


Clinical Indications [51, 52] 


e NETs with absent SSTR expression, for (re) 
staging and monitoring response to treatment. 

e Adrenal pheochromocytoma, sporadic or 
related to cancer predisposition syndromes. 

e Congenital hyperinsulinism, to identify focal 
forms in the pancreas that can be resected 
[53]. 


Red Flags 


e Inflammatory processes such as reactive 
lymph nodes or post-radiotherapy changes 
may show tracer activity. 

e SSTR imaging to determine whether a NET is 
receptor positive. Peptide receptor radionu- 
clide therapy (PRRT) such as 177Lu-DOTA- 
octreotate is, in pediatric patients, still 
investigational. 


Take Home Message 


e FDOPA PET imaging is more specific in cases 
of neuroblastoma and insulinoma as com- 
pared with FDG and 68Ga-peptides. 

e Advantages of NET PET imaging (over NET 
SPECT imaging): 

— Earlier and shorter acquisition time 
— Improved patient comfort 

— Improved spatial resolution 

— Less radiation exposure 
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Representative Case Examples 


Case 12.12 Paraganglioma (PGL), 
Ga-DOTATE PET/CT (Fig. 12.13) 
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Fig. 12.13 History: A 9-year-old girl presented with 
hypertension and headaches and was diagnosed with a 
right lumbar paravertebral PGL with a SDH gene line 
mutation. The tumor was resected and hypertension and 
symptoms improved. Four years later, at the age of 13 
years, the patient presented again with hypertension. MRI 
showed recurrence of the mass in the right paravertebral 
region. PET/CT was performed for restaging of the recur- 
rence. Study report: MIP (left) and selected transaxial 
(right top) and coronal (right bottom) PET/CT slices at the 
level of the mid-abdomen show increased focal tracer 


uptake in the right paravertebral mass (yellow arrow) as 
well as in a metastatic focus in the left 6th rib (blue arrow). 
There is no increased activity in lymph nodes in the neck 
and chest and no pulmonary nodules. There are no addi- 
tional areas of abnormal uptake in the appendicular and 
axial skeleton. Impression: The findings are consistent 
with recurrent PGL metastatic to bone. Both sites were 
resected, however, a follow-up scan performed 6 months 
later showed tumor progression with multiple bone metas- 
tases. The patient was treated with Lu- DOTATATE and 
remained stable for 2 years 
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Case 12.13 Pheochromocytoma—FDG-PET/ 
CT (Fig. 12.14) 
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Fig. 12.14 History: An 11-year-old boy presented with 
hypertension. CT scan showed a left adrenal mass. 
'23]-MIBG was negative (not shown). Study report: FDG- 
PET/CT shows abnormal uptake in the left adrenal mass 
(arrow) on transaxial, sagittal, and coronal PET (top right) 
and CT (bottom right) slices and coronal CT image of 
torso. There is no nodal hypermetabolism. There is no 
nodal hypermetabolism in the neck and chest and in the 


abdominal, retroperitoneal, or pelvic lymphatic chains. 
There are no pulmonary nodules. The spleen is normal in 
size and tracer avidity. There are no areas of abnormal 
uptake in the appendicular and axial skeleton. Impression: 
The findings are suggestive of malignancy with no evi- 


dence of metastatic disease. 


pheochromocytoma 


Biopsy diagnosed 
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12.5 Musculo-Skeletal 
Malignancies (see also Box 
12.5) 


Clinical Indications [21, 23, 54-56] 
e To identify and localize bone and bone mar- 


row metastases in order to determine the 
extent of disease in patients with known 


malignancies. 

e To assess primary bone and ST tumors such as 
osteosarcoma, Ewing sarcoma, and 
rhabdosarcoma. 


Correlative Imaging 


e In the presence of specific symptoms, plain 
radiographs are followed as a rule by MRI, the 
first choice investigation in most children with 
bone tumors. 


Red Flags 


e If MRI is not readily available or the child 
needs sedation or general anesthesia, bone 
scintigraphy and, recently in some centers, 
bone PET/CT are the next choice. 

e For multiple spot views of the whole body 
start with the pelvis when the bladder is empty. 

e It is still debated whether SPECT should be 
routinely performed even if planar scan is 
unremarkable or only for better characteriza- 
tion of an abnormality detected on planar 
imaging. 

e When performing SPECT/CT the FOV of the 
CT should be shortened to include only the 
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region of the abnormality seen on SPECT to 
reduce radiation exposure. 

The CT component of a bone SPECT/CT can 
be acquired as a pediatric low-dose CT for 
localization and attenuation correction or as a 
diagnostic CT. Many skeletal lesions are ade- 
quately evaluated even with low-dose CT 
parameters. 


Take Home Messages 


Increased tracer uptake, due to locally 
increased blood flow or calcium depositions, 
indicates an alteration in bone metabolism 
caused by increased new bone formation 
(osteoid) due to higher availability of binding 
sites, but also related to local or regional 
hyperemia. 

Bone marrow lesions tend to have a more dif- 
fuse pattern along a portion of a bone whereas 
cortical bone lesions are typically focal. 

With the dissemination of FDG-PET imaging 
which is the method of choice in oncology, 
most centers use this modality as the main 
scintigraphic study for malignancies even 
when they are limited to bone. Skeletal scin- 
tigraphy is used only occasionally and thus the 
significant decrease in its use in children with 
cancer. 

NaF PET imaging is becoming the preferred 
alternative for imaging of the skeleton due to 
the tracer’s rapid localization and rapid clear- 
ance from the blood. 
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Representative Case Examples 


Case 12.14 Metastatic Neuroblastoma, Bone 
Scintigraphy 
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Fig. 12.15 History: A 5-year-old boy presented with 
right-sided limp. Clinical examination was normal. Plain 
radiographs of his pelvis and lower limbs were normal. 
Lab tests including ESR and CRP were mildly elevated. 
Study report: Bone scintigraphy, anterior and posterior 
planar spot views of the whole body, demonstrate multiple 
focal areas of increased tracer uptake in the skull, right 
proximal humerus, both scapulae, upper and lower tho- 
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racic and lumbar vertebrae, right acetabulum and distal 
femora (right more than left). Note asymmetrical metaph- 
yseal activity specifically in the distal femora. Impression: 
The findings are consistent with neuroblastoma metastatic 
to bone. Abdominal US revealed a mass in the right adre- 
nal. Tissue sampling diagnosis was stage IV neuroblas- 
toma. Total body MIBG scintigraphy showed tracer 
uptake in the primary tumor and metastatic bone lesions 
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Case 12.15 Ewing Sarcoma, Staging, Bone 
Scintigraphy (Fig. 12.16) 
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Fig. 12.16 History: An 8-year-old boy presented with a 
large pelvic mass. Histopathology diagnosed Ewing’s sar- 
coma. Bone scintigraphy was performed for staging. 
Study report: Anterior and posterior whole body (a) and 
lateral spot views of the skull (b) show marked displace- 
ment of the urinary bladder to the left upper pelvis due to 
the known large tumor. Activity is noted in a urinary cath- 
eter to the left side of the body. Skeletal lesions are noted 
in the parietal and occipital skull, left orbit (arrow), L1, 
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acetabulum, the right pelvis involving the superior pubic 
ramus, ischium, and ilium, as well as in the proximal and 
distal (arrow) left femur. Coronal (d) and sagittal (e) 
SPECT slices show the L1 lesion (crosshairs). Transaxial 
(f) and coronal (g) slices show a lesion in the internal pel- 
vic rim. MIP image (c) provides an overview of the pelvic 
and lumbar lesions (arrows). Impression: The findings 
suggest stage 4 pelvic Ewing’s sarcoma with multiple 
skeletal metastases 
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Case 12.16 Metastatic Osteosarcoma, Bone 
Scintigraphy (Fig. 12.17) 


L 

. 

t 
-_ t —s 
- _ 
- . o - 


Fig. 12.17 History: An 8-year-old girl with left femoral 
osteosarcoma underwent bone scintigraphy for staging. 
Study report: Anterior and posterior whole body (a) and 
spot views (b) of the thighs show intense tracer uptake in 
the known primary tumor in the left mid-thigh. A “skip” 
lesion is seen in the distal left femur, better appreciated on 
the spot views (b). MIP (c) and transaxial slices (d, e) 
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from the SPECT of the thorax show several lesions in the 
left chest, localized to the posterior mediastinum and lung 
parenchyma. Impression: The findings are consistent with 
metastatic stage 4 osteosarcoma of the left femur with a 
skip lesion in the distal left femur and additional bone- 
forming metastases in the ST of the left hemithorax 
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Case 12.17 Osteosarcoma, NaF PET/CT 
(Fig. 12.18) 


Fig. 12.18 History: An 8-year-old girl with chondroblas- 
tic osteosarcoma of the right femur performed NaF PET/ 
CT for staging. Study report: Anterior (a) and lateral (b) 
MIP projections and sagittal PET, CT, and PET/CT slices 
at the level of the thigh (c) show inhomogeneous increase 
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tracer uptake in a destructive lesion in the mid-shaft of the 
right femur. No other skeletal lesions are seen. Impression: 
The findings demonstrate the primary osteosarcoma in the 
right femur with no evidence of metastatic spread 
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Case 12.18 Langerhans Cell Histiocytosis, 
NaF PET/CT (Fig. 12.19) 
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Fig. 12.19 History: A 11-year-old girl complains of right 
hip pain for 2 months and was referred to NaF PET/CT for 
further evaluation. Study report: Anterior MIP (a) and 
selected transaxial PET, CT, and PET/CT slices at the 
level of the mid-thorax (b) and lower pelvis (c) show two 
foci of inhomogeneous increased tracer activity localized 
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at the distal one-third of the right humeral shaft and the 
trochanteric region of the right femur, with corresponding 
lytic lesions on CT images (arrows). Impression: The 
findings are consistent with aggressive osteoblastic bone 
lesions in the right humerus and proximal right femur. 
Biopsy diagnosed Langerhans cell histiocytosis 
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